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PREFACE. 



Thb present w, einphatically» an mge of utility, HoweTer profound 
and accurate a book may be> its career will be brief and ita eircnlauon 
limited, unieae it ie eminently praetwal, and wisely adapted to its pur- 
pose. Hence it often happens, that persons of undoubted abilities as 
men of learning, have utterly failed in their attempts to produce avail- 
able text-books in their respective departments of study. 

Experience as a teacher, and tact as a compiler, are as important 
to the author of a school-book, as a knowledge of the subject upon 
which he writes. And even with ail these endowments, few writers 
of elementary works are satisfied with their own productions till actual 
use in the school-room has shown wherein they are defective, or want- 
uig in adaptation, and of what improvements they are capable. Hence 
almost every new school-book is " revised and improved," before it 
passes to a second edition. 

The Element ART Asteonomt and Astronomical Maps have now 
been before the public about eighteen months, during which time about 
one thousand seta of maps, and ten thotuand eoplaa of the book have 
been sold. These have gone into use in almost every state of the 
Union, and every grade of schools, from the -Common School to the 
University. One set of maps, and a supply of books, were orde^ by 
a Scotch lady, who had used the work in her own seminary in this 
country, to be used in a mbdel school in Iklinbnrgh, Scotland. 

During the past yoar both the author and publishers have taken 
special pains to ascertain the views of practical teachers, wbo^were 
actually using the loorA, and to obtain any suggestions which might 
be of service in rendering future editions more perfect and complete ; 
and the unanimity and cordiality with which all such have commended 
the wpik, is truly gratifying and encouraging. A few alterations and 
improvements have been suggested, by some of which we have en- 
deavored to profit 

Soon after the Second Edition was published, we were requested by 
teachers in Philadelphia and elsewhere, to prepaiip a suit of appro- 
[mate Questions on\the Lessbns. Accordingly, these appear in the 
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Third Edition, in the fonn of an Appendix, mnd are etill continued 
They can, therefore, be used or not, at the discretion of the teacher. 

To adapt the work to private learners, and to schools that cannot 
purchase the large maps, it is now issued with the large maps in minia- 
ture, interspersed among the lessons. These being exact copies of the 
originals, though upon a smaller scale, we have not only a magnificent 
set of charts for lectures and illustrations in the school-room, but each 
learner has a set of the wama nutp9 in his text-book, and can, there- 
fore, pursue his studies either with or without the large maps, accoro* 
mg to circumstances. The text, however, has not been altered ; so 
that the book is still perfectly adapted to the large maps, and can be 
used with former editions, as if it had not been illustrated. 

In a few instances the language of the book necessarily suppose* 
the large maps to be in view, as on pages 32 and 201 ; but these oaaei 
are rare. As the large and small maps are the same, if the text is 
adapted to one, it must be to both. 

The diagrams are inserted where they are first referred to, and are 
made to face the right, so as to be easily kept in view while studying 
the Itiaoaa that follow. 

It is confidently believed that the peculiarities of this work are such 
as will commend it to general favor, and secure for it increasing popo* 
larity, and an enviaUe and lasting reputation. 

1. In the first place, the method or plan of the work is eminently 
original. ** One thing at a time," and *< every thing in its place," haw 
been the author's mottoes. It begins at homo, or with the Solar Sys- 
tem, and ends in the more distant or Sidereal Heavens. The Earth 
Is treated of astronomically, or as a^ planet ; and instead of di g r es s i ng 
when we come to her, to consider her Moon, and the phenomena of 
Eclipses and Tides, these subjects, and all others pertaining to the 
secondary planets, are reserved for their appropriate places. Tides 
and Eclipses are by no means peculiar to our globe ; why, then, should 
we sacrifice a philosophical classification, and foist in the Moon, with 
the subjectB of Tides and Eclipses, before we have done with the pri- 
maries? 

Another prominent feature in the airangement, and one that 
will please every practical teacher, is, that the facts of the odenee 
are claasijied. Instead of naming a planet at the head of a lesson 
or chapter, and then giving its distance, magnitude, density, velocity, 
period, &c., all mingled together upon the same page, vidating 
the laws of association, and setting at defiance the eflforts of mem- 
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wy, ftll facts of the miiie kind are here claoMd together ; lo thtt 
the whole scieuce is reduced to ajretem and order. For instance, when 
the P^mary Planets are taken np» the first lesson following is devoted 
to their nanus and astronomieal tymhoU; the second to their ^ts* 
tances, &&, so that their tomperatnroy magnitudes, densities, periods, 
seasons, &c., constitute so many distinct lessons; consequently, the 
facts can not only he read, hut learned and remembered. 

2. A second characteristic of the woik is, that it is more fully ilhis- 
tfated than any other work, of the same form, that has ever been pub- 
lished in this country. And yet it is not a mere picture-book, in 
which a noble science has been trifled with, and sacrificed to a desire 
to catch the eye, and sell the book. The idea of devoting every other 
page of a scientific work exclusively to illustrations, and at the same 
time doing any kiud'of justice to the subject on the intermediate pages, 
is altogether chimerical. It would be too much like a farm, one-half 
of which was devoted to a flower-garden ; or like some of our illus- 
trated holiday-papers. 

3. The leading design being to furnish an available text-book ol 
Astronomy for Common Schools and Academies, as well as for [ui- 
vate students, the author has confined himself mainly to what may be 
called the facte of the science, or in other words, to the reeiUte which 
have been arrived at by the labors of the observatory and the re- 
searches of the mathematician. The structure and use of instruments, 
and the calcufcttions and processes by which the facts of the science 
are arrived at, are designedly omitted. These may be necessary in 
text-books for our higher institutions of learning, but they can never 
become legitimate subjects of primary instruction For similar rea- 
sons, the mythological history of the science has been discarded. 

4* We have adapted the work to the present state of the science by 
embodying the statistics of several new planete, recently discovered, 
the recent observations of Lord Roese upon the Moon and the distant 
NebulfB, and the sublime and almost overwhelming announcement of 
M&dler in regard to the " Central Sun." 

5. When used in connection with the large maps, the work com- 
bines all the advantages of blackboard illustrations, with the most pa- 
tient study of a text-book. ' All the diagrams in the book are found in 
the corresponding maps, upon a very large scale, so that every expla* 
natiou from the maps, by the teacher, serves to render the diagrams 
in the book more interesting and intelligible. Another striking ad- 
vantage of this method of teaching Astronomy is, that whatever illus- 
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tratiooB are giyen by the teacher, benefit the whole class alike, 
without the labor of repetition to each scholar, oyer a diagram in 
the book. This saying of time and repeated explanations to difier- 
ent pupils, will be readily appreciated by eyery practical instructor* 
Again, many of these drawings are tMvrely original, and in the opin- 
km of competent judges, better calculated to conyey a correct and per- 
manent idea to the mind, than any that haye heretofore appeared. 

6. Though adapted to use with the series of large maps, it is, at the 
same tnne, complete in itself, and can be used as well independently of 
them as if it had no connection with them whateyer. This is an im- 
portant advantage. 

7. To all these we may add that, all things considered, it 'm the 
eheapeH text-book of Astronomy that has eyer been published iu 
America. A class of thirty scholars can be supplied at retail with a 
set of the large maps, and a book for each for |^30. A school of 100 
can procure a set of maps and a book for each pupil for |^65. If pro- 
cured at wholesale jHices, a set of maps for the school-room, and a 
book for each pupil, would cost less than fifty cents per scholar ; and 
the more scholars, the lees the expense to each. Where, then, we 
ask, can the same facilities for acquiring a knowledge of Astronomy 
be procured for the same money ? We commend this consideration 
especially to those haying charge of large schools in our cities and 
ekwwhere. 

Such are some of the peculiarities of the Elbmkntart Abtronomt ; 
and upon these we can safely rest our claims to public patronage, in 
•ending it forth to the world. In its preparation for the press, the aO- 
thor has ayailed himself of all the helps within his reach. He has 
consulted all the books upon the subject that were ayailable in this 
country, as well as many practical teachers, and gentlemen of ac- 
knowledged scientific abilities. But while on the one hand he has used 
books as writera generally use them, namely, as sources of knowledge, 
and has adyised with men of learning and experience in regard to 
many particulars, the author feels bound, in justice to himself, to claim 
for his work a good degree of originality ; and to say, that whether 
good or bad, it is, in the main, his own, and not the work of another. 

It is only necessary to add, that the statistics in the tables are gen- 
erally given in round numben, and according to what were considered 
the highest authorities. • 

New YoKK, Jan, 1, 1849. 
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Tberi are ieveral wayi in which this work may b« used to ac}- 
Tantage. 

1. It may be stadied preciaely like any other text-book, and the 
pupil examined by the printed, or by extemporaneoua queatione. This 
10 the usual method in those schools which have not the large mapsi 
and in academies and seminaries where the pupils stndy in their rooms, 
and see the large maps only in the recitation -room. 

2. Wherever the large maps can be obtained, and the pupils all 
study in the same room, and only during school hours. Astronomy 
riiould be made a general exereite two or three times every week. 
The maps to which the lessons refer, should be suspended on the south 
side of the room, if practicable, (to answer to the natural position of 
many of the objects in the heavens,) and the lesson studied with con- 
stant reference to the maps. They are so much more attractive and 
unposing, and the figures so much more distinct and prominent than 
the cuts in the book, as to give them a decided advantage over all or- 
dinary illustrationa They should, therefore, be procured wherever 
practicable, and used in connection with this work. 

3. A third method of using the work, is to use it as a reading-hook 
two or three times a week, either with or without the large charts. If 
these are in the school, they should be suspended before the class du- 
ring the exercise. By this method the pupil will learn to pronounce 
scientific terms correctly, to read figures with facility, to read with at- 
tention, and to remember what he reads. Besides, no extra time will be 
required. The pupil is learning to read, and at the same time studying 
a science. By the use of the maps the teacher can illustrate the lessom 
as he goes along, and a wholesome interest vrili be sustained through- 
out The questions in the Appendix will be found convenient in re- 
viewing the lessons. Teachers will find this an efiicient and delightful 
method of teaching Astronomy. 

4. Several of the tables in the first part of the work should be com- 
mitted to memory ; such as the names, distances, magnitudes, ^.c, of 
the primary planets. If the teacher prefer, they may be learned by 
concert recitations. 
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5. The ofltronomieal nigoB in LoMon 7th ahoald be drawn upon the 
blackbuard by the learner, and explained. It would also be uaefol 
for him occaaionally to draw maps of difierent celestial <))b>ject8, from 
memory. 

6. In some cases, the whole subject may be presented orally by the 
teacher, in a series of evening lectures, following the course 9f the 
book ; but this should rather be in addition to the regular study during 
school hours, than a substitute for it 

7. After all, much will depend upon the judgment and ingenuity of 
the teacher, and the interest he takes in the subject ^ound learning 
can never be acquired, by any mode of teaching, without thought and 
attention. Neither can any particular course be struck out that will 
be adapted to all kinds of schools, and to every part of the country. 

8. To such teachers as have never studied this science, (and there 
are some of this class,) we would say that the work is specially adapt- 
ed to your circumstances. It is strictly elementary , no extraneous 
and abstruse matters darken its pages, and it is not so voluminous as 
to require a year to go through it You will find no difficulty what- 
ever in teaching the science with this work, even though you have 
not previously taught it ; and a class in this deliglftful and sublime 
science will be the surest means of adding to your present intellectual 
stores, a knowledge of this important branch of study. If any new 
motive be necessary, let it be remembered that no new study is so 
rapidly going into the primary schools of the country, as that of De- 
scriptive Astronomy ; and the time .is not far distant when it will be 
required to be taught in every school-house in the land. Be encour- 
aged, then, to enter upon this study. Organize your doss at oncSi 
and launch out noio for a knowledge of those fleets of wcH'lds that sail 
the upper deep. If entered upon in the spirit of a teaehet , your prog- 
ress will be rapid, your voyage delightful, and success certain. 

With these suggestions, the work is now committed to your hands. 
Having been formerly identified with you as a practical teacher, the 
author expects the co-operation of his professional friends, m rendering 
the work useful to the rising generation, and in promoting the interests 
of that noble science to which it is devoted. 



Q7For a desciiptloii of the Large Maps, prlcea» dkc«, see CIp- 

calar at the end of the Book* 



CONTENTS. 



INTRODUCTION. 

T. ABtronomT^its Nature M a ^ienoe, it 

S. A iicieiit H ifltory of Astrotiomy— the Ptolemaic llieory , 15 

1. Dirficultiea of the Ptolemaic Tlieory, IT 

^ The Co|iernican SyetenfK U 

i Fint Grnod Uivinons of the Univtne, It 

PART I. 

OF THE SOLAR SYSTEM. 
CHAPTER I. 

CLAanFIGATlON OF THB lOUkR BODm. 

t. The Son, Phmeta, Primariea, 8eoondariea, &o., • 11 

CHAPTER H. 

OF THE PRIMARY PUUfBTi. 

T. Names and Siiciu of the Primary Planets, fli 

8. Distances of the Planets from the 8un, SS 

9. Defenses, Minutes, and Seconds explained, 96 

10. Angular Distances, Magnitudes, &Cm 87 

11. Tlie >:un as seen from the different Planeta, S8 

IS. Philoeophv of the Diffusion of Light, 90 

13. Light anu Heat of the several Planets, - 30 

14. Magnitude of the Planets, 31 

15. Relative Magnitude of the Sun and Planets, SB 

10. Comparative Density of ttie Planets, *. 33 

17. Attraction ofthe Planets. S3 

18. Periodic Revolutions of tne Planets, ; SS 

9 Hourly Motion ofthe Planets in their OrbitB, 30 

90. Centripetal and Centrifugal Forces, 30 

91. Diurnal Revolutions of the Planets, 37 

99. True Figure ofthe Planets 38 

23. The Ecliptic, 30 

94 The Poles of the Ecliptic, 40 

95. Obliuuitv ofthe Ecliptic, 40 

98 The Zodiac, 41 

97. Signs ofthe Zodiac, 41 

98. Nodes— Ascending and Descending, 4i 

98. Transits, 43 

30. Transits of Mercury, ».. 44 

31. Transits of Venus, 45 

39. Iiicl i nation of the Orbits of the Planets to the Plane of the Ecliptic, 40 

33. Celestial Latitude. .' 47 

34. Celestial fxtngitude, 47 

35. Ix>ngit iide of the Ascending Nodes of the Planets, 48 

36. Constellations of the Zodiac, 50 

37. The ^uu*u Apparent Motion in the Ecliptic, 51 



10 CONTENTS. 



38. Succeea'ye Appearance of the Cpostellatioiu in the Nocturnal 

Heavens, 38 

30. Disagreement between the Months and Signs, 53 

40. The Equinoxes, 54 

41. Precessionof the Equinoxes, 54 

48. The Solstices, 56 

43. TheColures. 57 

44. Ellipticity of the Planets' Orbits, 58 

45. Perihelion and Aphelion, .- 58 

46. Eccentricity of the Pleuiets' Orbits, 50 

47. Philosophy of the Seasons, b 60 

48. The8un*s Declination, 61 

40. Right Ascension, 68 

50. Inclination of the Axes of the Planets to the Plane of their re- 

spective Orbits, 63 

51. Seasons of the different Planets,.^ 65 ' '- 

58. Seasons of Venus, 65 

53. Seasons of Mara, 66 

54. Seasons of Jupiter, 67 '«' 

55. Seasons of Saturn, 67 

56. Ck>iuunctions and Opposition of Planets, 60 

57. Sidereal and S]modic Revolutions, 70 

58. Elongations of a Planet, 78 

50. When Planets are said to be Stationary, 78 

60. Direct and Retrograde Motions, 73 

61. Retrograde Motions of the Exterior Planets 74 

68. Venus as Morning and Evening Star, 75 

63. Phases of Mercury and Venus, 76 

64. Telescopic Viewsof the Planets, 77 

65. Telescopic Viewsof Saturn, 88 

66. Dimensions, structure, and Uses of Saturn's Rings, 86 

67. Of the Discovery of the several Planets,... 80 

CHAPTER III. 

OF THK SBOONDART PUUflTi. 

68. Character and Number of the Secondary Planets, 03 

60. Supposed Satellite of Venus, 04 

.70. Ofthe Earth's Satellite or Moon 04 

71. Changes or Phases of the Moon, 96 

78. The Moon's Path around the Sun, 07 

73. Revolution of the Moon's Nodes around the Ecliptic, 08 

74. Sidereal and S]modic Revolution of the Moon, 08 

75. Revolution ofthe Moon upon her Axis, 00 

76. The Moon's Librations, 00 

77. Seasons of the Moon, 100 

78. Telescopie Views of the Moon, 100 

70. Physical Constitution of the Moon— Mountains, Volcanoes, At- 
mosphere, dec., 101 

80. Geographv of the Moon, or Selenography, 103 

81. Moons or Satellites of Jupiter, 104 

88. Satellttes of Saturn, 105 

83. Satellites of Herschel 107 

84. Supposed Satellite of LeVerrier's Planet, 107 

» 

CHAPTER IV. 

ranxMOFHT OF icunn. 

85. Nature and Causes of Eclipses, , 108 

86. Character, Extent, and Duration of Solar Eclipses, ilO 

87. Eclipses of the Moon, 114 



CONTENTS. 12 



88. Orthe'nmeuidFnqiieiicjorEclipTCt, IIA 

88. Eclipses, or Occaltatioiu of the SUn, 117 

88. Eclipses of Jupiter's Moons, 118 

81. Eclipses of Saturn and Henohel, 118 

CHAPTER y. 

PBILOSOFHT OF THK TIDIB. 

8S. Nature and Causes of Tides, 188 

83. Lacging ofthe Tide— Ezcurnons in Latitude, l«i 

84. ^nng and Neap Tides— Prof. Davies* Theoiy, 183 

85. Other inequalities of the Tides, 187 

80. MoUon of the Apsides of the Moon's Orbit, 198 

CHAPTER VI. 

OF COMETS. 

87. General Description of Cometary Bodies, '.... 138 

86. Ma^itudes, Velocities, and Temperature of Comets, 188 

88. Periods, Distances, ana Number of Comets, 134 

188. Direction, Orbits, and Nature of Comets, 138 

CHAPTER Vn. 

OF THK SUM. 

181. General Remarks respecting the Sun— its Magnitude, Ac., 138 

18S. Spots on the Sun— their Number 128 

183. Nature of the Solar Spots, 140 

104. Magnitude of the Solar Spots^ 149 

105. Revolution ofthe Sun upon his Axis, 149 

106.. Direction, Motions, and Phases of tlie Solar Spots 143 

« 107. Fhysical Constitution ofthe Sun, 144 

106. The Zodiacal Light, 140 

108. Motion of the Sun in Space, 147 

CHAPTER Vm. 

MISCBLLANBOUB REMARKS UPON THE SOUIR SYSTEM. 

110. Nebular Theory of the Origin of the Solar System ISO 

111. Laws of Planetary Motion, 199 

1 12. Miniature Representation of the Solar System, 155 

113. Were the Asteroids originally one Planet? 150 

114. AretbePlanetBinhabitedby Rational Beings! 158 

PART II. 

THE SIDEREAL HEAVENS. 
CHAPTER L 

OF CONSTELLATIONS OF WTAMM. 

1 15. Distinguishing Characteristics of the Fixed Stan, 161 

116. Classincation of the Stars, 161 

117. Number of the Fixed Stars , 163 

118. Distances of the Stars, 164 

1 19. Magnitude of the Stars, 165 

ISO. List of the Constellations, 160 

181. Description of some of the Principal ConsteUations— Zodiacal 

Constellations, 170 

189. Northern Constellations, 179 

193. Sootli^m Constellations, 171 



12 CONTENTS. 

CHAPTER II. 

OF DODBLI, TAUABLB, AND TBMPORART fTARfl, BINART ■YVTCiin, CTO. 
liBHon Page 

1S4. Of Double, Triple, and Multiple Stoffl, 180 

195. Of Binary and other %8tenui, 189 

196. Variable or Periodical 8tan^ 186 

197. Temporary JStan, 191 

196. Falling or Shooting Stan, Itf3 

CHAPTER HI. 

OF CLDVTBRB OF 8TAR8, AND NEBUUB. 

199. OfOuBtersofStaiB, ^..,, 194 

180. Of Nebul© 7..... I9i 

APPENDIX. 
bpIaBatkni of Aatranomical Teime, 9M 



INDEX TO THE ILLUSTRATIONS. 

Great Refracting Teleeoope at Cincinnati, Ohio— fronting the Title. 

6ix-inch Refracting Telescope, at Mr. Rutherford's Obeervatoiy, 

New York— fronting the Preface. 

Ftdemaic Theory of the Structore of the UniTene 19 

Coperuican Theory ofthe Solar System 19 

Angular Measurement— Light and Heat of the Planets 97 

Relatiye Magnitude of the Sun and Planets 33 

The Ecliptic, Zodiac. Signs, Nodes, Transits, &c 38 

Ziodiac, Equinoxes, Solstices, Longitude, Ascending Nodes, &c 49 

The Earth's Oibit, Sun's Declination, Seasons, &c 99 

Inclination of Axes to Orbits ; and Seasons of the Planets 63 

Coiyunction, Opposition, lYansits, Phases of Venus, &c 69 

Telescopic Viewsof the Primary Planets 77 

Saturn in his Ortrit, Phases, Telescopic Views, &c 83 

Phases and Telescopic Views of the Moon 97 

Solar and Lunar Eclipses 109 

The Philosophy of Tides 191 

Views of Remarkable Comets 131 

Sir William Henchel's forty-foot Reflector 161 

Clusters of Stars, Binary dybtems, aud r^ebuls 181 

Lord Rose's great Reflecting Telescope 197 

13 



INTRODUCTION. 



Lesson 1. 

A8TBONOKT — ^ITS NATURE AS A SCIBHCA. 

SciKifCB is knowledge systematically arranged, so as 
to be * oonyeniently taught, easily learned, and readily 
applied. 

AsTBONOKT is that science which treats of the names, 
dbtances, magnitudes, and motions of the heavenly bodies 
—the Sun, Moon, Planets, Cornet^, and Fixed Stars— and 
the laws by which they are governed. 

AH who are not deprived of the blessins of sight 
have seen the sun, moon, and stars. Indeed they are 
very familiar objec^. Now, by carefully observing 
their appearances, and watching their movements for a 
short time, every learner may discover or establish the 
following facts for himself, viz. :-f^ 

1. The Sun and Moon appear nearly of a size, and 
much larger than ahy other bodies that we see in the 
heavens. 

2. The Sun sheds a strong and brilliant light upon 
the earth, while the light of the moon b pale and 
feeble^ 

3i The Sun and Moon are sometimes near each other, 
as when the new mopn is first seen in the west, while 
at other times, the moon rises in the east just as the sun 
goes down. 

4. When the Moon is first seen^ east of the sun, she 
is very slender ; but as she falls behind and separates 
from the sun, she grows larger and larger till she be- 
comes a " full moon ;" after which she grows smaller 

2 
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and smaller till new moon again. The horns of the 
new moon point to the east, while those of the old moon 
point to the west. 

5. It is easy to see, by watching the moon for only 
one or two nights, that she is actually moving eastward 
as respects the stars ; and she sometimes runs over, or 
seems to cover up one, and put it out for a. time as she 
goes along. 

6. Everybody has noticed the dark lines and spots 
upon the surface of the Moon, as if some one had at- 
tempted to draw an outline map of some new country 
upon her face, showing its various islands, continents, 
and seas. 

7. Most people have seen what is called an eclipse ; 
or in other words the partial or total darkening of the 
sun or moon, as if some large object was covering 
tbem up. 

S. The stars differ very much in their fipparent size — 
some appearing large and bright, while others are so 
snrall and faint as to be scarcely perceptible. 

9. Most of the stars seem to keep the same distance 
from each other, and to occupy the same positions with 
reference to each other from age to age. But there are a 
few that are constantly wandering along eastward, as 
it were from star to star,, till, like the Moon, they 
traverse the whole circuit of the heavens. During this 
journey, they sometimes stop for a while, and even fall 
back westward, but they soon resume their /route again 
with an accelerated motion, and hasten eastward over 
the celestial concave. 

10. One star at least is west of the sun for a time, 
and rises before him, on which account it is called the 
Morning Star, But this same star, may at other times, 
be seen east of the sun. At this time she may be seen 
in the west after the sun goes down, and is then called 
the Evening Star, 

11. The .stars in the northern portions of the heavens 
never sety but seem to revolve around what is called the 
North Pole star, from night to night, and from year to 
year. By ranging by a stake or some other permanent . 
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object, on a clear evening, it will be seen in a short 
time .that all the stars below the North Pole star seem to 
be moving eastvHird» 

12. During the winter, the sun is quite low down in 
the south ; but in June and July, he is almost directly 
overhead at twelve o'clock, even as far north as the 
United States. These, and many other curious things 
respecting the heavenly bodies, may be observed with 
the naked eye, or without the aid oi telescopes. It was 
in this way that the ancients studied astronomy. By 
carefully watching the heavens, they learned one fact 
after another, respecting the sun, moon, and stars, and 
when these facts were put together and arranged in syste- 
matic order, they constituted the Science of Astronomy.^ 

Lesson 3* 

ANCIENT HISTORY OP ASTRONOMY — THE PTOLEMAIC THEORY. 

(Map 1.) 

The oldest records of astronomical science are found 
in the Holy Scriptures. We there read of the creation 
of the sun, moon, and stars, and th^ commencement of 
their revolutions. In the Book of Job, which was written 
fifteen hundred years before Christ, we read of " Arctti- 
rus, Orion, and Pleiades,^ — stars or clusters of stars that 
bear the same name at the present day. We are here 
taught, also, that our world does not rest upon some vast 
and strong foundations, but that the Almighty " hangeth 
the earth upon nothing." 

The prophet Amos speaks of the '* seven stars and 
Orion," seven hundred and thirty- three years before 
Christ, and of the phenomena of day and night. 

The Greek philosopher, Pythagoras^ taught astronomy 
about five hundred years before Christ, and the Egyptian 
philosopher, Ptolemy , in the second century of the Chris- 
tian era. Ptolemy constructed a regular system or theory 
of ffstronomy, by which he proposed to account for all the 
appearances and motions of the heavenly bodies. 



X6 THE PTOLEMAIC THSORT. 

The Ptolemaic System, so called from Ptolemy, its 
author, is the subject of Map No. 1. It represents the 
earth as located in the centre of the universe ; as being 
perfectly at rest ; as a plane instead of a globe ; and as 
inhabited only on one of its sides. Some supposed the 
earth to float upon an abyss of waters ; while others be- 
lieved that it rested upon the head of an enormous serpent 
or dragon, as represented on the map. Ptolemy taught, 
also, that' the sun, moon, planets, and stains revolved 
around the earth, from east to west, as they appear to do, 
every twenty-four hours. To account for their passing 
over the earth without falling down upon its surface, it 
was supposed that the heavenly bodies were supported by 
vast arches or hollow spheres, in which they were firmly 
set like a diamond in a ring. 

But as the sun, moon, planets, and stars were not all at 
the same distance from the earth, it was supposed that 
there were several of these spheres placed one above an- 
other — ^that the Moon was in the first, Mercury in the 
secoud, Venus in the third, the Sun in the fourth, Mars in 
the fifth, Jupiter in the sixth, Saturn in the seventh, and 
the Fixed Stars in the eighth. The ancients had no 
knowledge of Herschel, or Le Verrier. 

Mercury, Venus, and the Moon, were placed in the 
three lower spheres, because they were sometimes seen 
to pass between the earth and the sun. But Mercury 
and Venus sometimes go before the sun, and sometimes 
follow after him. To account for this,, it was supposed 
that besides the great circle of the heavens around which 
they passed daily, they had other smaller circles within 
their respective spheres, in which they revolved at the 
same time. These the ancients called epkucles. They 
may be seen on the Map, in the second or spliei^ of Mer. 
cury. 

To account for the rapid westward motion of these 
ponderous spheres, it was believed that the necessaiy 
moving power was applied in some way to the upper 
sphere, above the fixed stars ; and that this sphere com- 
municated its motion to the one immediately b/ineath oi 
within it, and so on down to the lower sphere. ' This, it 
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was thought, moved slower than the rest, as the moon 
constantly fell back of the sun. To allow the light of 
the stars to pass down to the earth, it was supposed that 
the several concentric spheres rising onis above another, 
were made of the finest crystal, and were perfectly trans- 
parent. The space above the fixed stars was designated 
as the blissful abode of departed spirits. 

On the map, the spaces between the white circles repre* 
sent the several crystalline spheres. The sun and moon 
are represented as going down in the west, the moon 
having fallen a little behind the sun, as when we first see 
the new moon. Mercury and Venus are near the sun, as 
they always are, and Mars, Jupiter, and Saturn on the 
left. On the right is seen a comet passing down towards 
the sun. 

Such is the Ptolemaic Theory of the structure of the 
Universe. 

Lesson 3* 

DIFFICX7LTIES OF THE PTOLEMAIC THEOET. 

(Map 1.) 

Besides the clumsiness of the machinery, it was at- 
tended by numerous difficulties which its supporters could 
never explain or obviate. 

1. It could never determine what upheld the earth. 
Rocks and mountains could not float upon water ; and if 
they could, what upheld the water ? Some imagined that 
the earth was upheld by a huge serpent^ resting upon the 
back of a tortoiscy as represented in the map. But what 
upheld the tortoise ? 

2. It represented many very large bodies, as the sun 
and some of the planets are now known to be, as revolv- 
ing around the earth, a comparatively small one. 

8. It adopted the most difficult and unreasonable plan 
for lighting and warming the earth, and producing day 
and night: * Taking the sun around the earth eveiy 
twenty-four hours^ was like carrying a fire around a 

2» 
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person who was cold and wished to be warmed ; instead 
of his turning himself to the fire as he pleased. 

4. The Ptolemaic theory would require a motion in- 
conceivably rapid in all the heavenly bodies. As the 
sun is ninety-five millions of miles from the earth, the 
entire diameter of his sphere would be one hundred and 
ninety millions of miles, and its circumference about six 
hundred millions. Divide this distance by twenty-four — 
the number of hours in a day — ^and it gives twerUy-five 
mUHon miles an hour ; or sixty-nine thousand four hun- 
dred and forty- four miles per second, as the velocity of 
the sun ! 

"This theory gives a still more rapid motion to Mars, 
Jupiter, Saturn, and the fixed stars. It would require 
the nearest of the latter to move at the rate of near your- 
teen thousand millions of miles per second, or seventy 
thousand times as swift as light, in order to accomplish 
its daily course. 

But with all these difficulties in its way, the Ptolemaic 
theory was generally believed till about the middle of the 
sixteenth centuryi or three hundred years ago. 

Lesson 4L. 

THE COPERNICAN SYSTEM. 
(Map 2.) 

About the year 1510, Nicholaus CopemicuSy of Prussia, 
taking some hint perhaps from the writings of Pythago* 
ras, discovered what is now generally received as the 
true theory of astronomy, and called after its author the 
Corpemican System. 

The CopERNicAN System attributes the apparent daily 
motion of the sun, moon, and stars from east to west, to 
the actual motion of the earth on its axis from west to 
east. Though the heavenly bodies seem to move,^ yet we 
often transfer our own motion, in imagination, to other 
bodies that are at rest ; especially when we are carried 
*apidly along without effort, as in a carriage, steamboat. 
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or railway oar. It places the sun in the centre of a 
system of worlds, of which the earth is one. It gives them 
a reTolution around their common centre, by which the 
seasons are produced ; and another upon their axes, pro- 
ducing day and night. It accounts for all the motions of 
the heavenly bodies, and harmonizes the whole system of 
nature. 

The Capemican SyHem is represented in Map 2. In 
the centre is seen the sun, in a state of rest. Around 
him, at unequal distances, are the planets and fixed stars, 
the former revolving about him from west to east, or in 
the direction of the arrows.* The white circles represent 
the arbiU, or paths, in which the planets move around 
the sun. On the right is seen a comet plunging down 
into the system around the sun, and then departing. 
This is the Copermcan Theory of the solar system. 

** O how unlike the complex works of man, 
Heaven's easy, artless, onencumber'd plan !" 

The truth of the Copernican theory is established by 
the most conclusive and satisfactory evidence. Eclipses 
of the sun and mpon are calculated upon this theory^ 
and astronomers are able to predict thereby their com. 
mencement, duration, dec, to a minute, even hundreds 
of years before they occur. We shall, therefore, as- 
sume the truth of this system, without further proof; 
and proceed accordingly to the study of the hoavenly 
bodies. 

Lessen S. 

riRST GRAND DIVISIONS OF THE UNIYSRSB. 

(Map 2.) 

The material universe may be divided into two parts, 
viz., the Solar System and the Sidereal Hejivens. 

The Solar System consists of the Sun and all the planets 
and comets that revolve around him. 

The Sidereal Heavens embrace all those bodies that 
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lie around and beyond the solar system, in the region of 
the fixed stars. 

The relation of the one to the other may be partially 
understood by carefully observing Map 2. The sun 
and his attendant worlds are there seen trithin the fixed 
stars, which occupy the corners of the map, and the 
spaces without in every direction. If the observer were 
placed at a distance beyond the solar system, in any 
direction, he would see vast numbers of the fixed stars 
between it and him, as if they were scattered between 
the eye of the learner and every part of the map. But 
situated as we are, in the mi(fst of the Sidereal Heavens, 
which surround us in every direction, it is not strange 
that the earth should seem to be in the centre of the 
universe. 

In considering the general «ubject of astronomy, we 
shall proceed according to the foregoing classification, 
treating first of the Solar System, and secQiijily, of the 
Sidereal Heavens. 



) 
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OP THE SOLAR SYSTEM. 
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(Majy 2.) 

The Solar System drives its name from the Latin 
word Sol, the Sun. It includes that great luminary, and 
all the worlds that revolve around him. To distinguish 
these attendant bodies from others in thie heavens, they 
will be denominated Sohr Bodies. 

The bodies of the Solar System are divided Into sev. 
eral distinct classes. 

I. The Sun is the fixed centre of the system, around 
which all the solar bodies revolve ; and from which they 
receive their light and heat. 

II. The Planets are those bodies that revolve around^ 
the sun, and receive their light and heat from him. The 
term planet signifies a wanderer^ and was applied to the 
solar bodies because they seemed to move or wander 
about among the stars. 

1. The planets are divided into Primary and Secondary 
planets. 

The primary planets are those larger bodies of the 
system which revolve around the sun only, as their cen- 
tre of motion. They may be distinguished on the map 
by their size,, and also by their being in their orbits, or on 
the white circles. 
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The secondary planets revolve not only around the 
sun, but also around the primary planets, as their at- 
tendants or moons. They may easily be distinguished 
on the map. 

2. The planets are again divided into Interior and Ex- 
tenor planets. 

The interior planets are those whose orbits lie within 
the orbit of the earth ; or between it and the sun. 

The exterior f»lanets are those whose otbits lie toUkovA 
the orbit of the earth. 

3. Five of the smaller primary planets are called 
Asteroids* They may be seen on the map near together, 
just above the sun. 

4. Comets are a singular class of bodies belonging to 
the solar system, distinguished by their long flaunting 
trains of light, and also by the elongated form of their 
orbits. 



CHAPTER II. 

OF THE PRIMARY PLANETTSL 

Lesson 7« 

NAMES AND SIGNS OF THE PRIMART PLANETS. 

(Map 2.) 

The Primary Planets are thirteen in number.* They 
are distinguished in astronomical books by certain charac- 
ters or signs, which are used to represent their respective 
planets. The names of the planets and their symbols 

are as follows : 

Mercury, ^ L Vesta, fi Jupiter, 71 . 

Venus, $ } Astreea, ^ Saturn ^ 

Earth, f Juno, $ Herschel, ^ 

Mars, i J Ceres, ? Le Verrier, jr 

I Pallaa, $ ^ 

* Four new Asteroids have recently been discovered, of which, 
however, very little is known. They are called Flora^ Iris, MeU%^ 
and Hebe, 



' NAKBS AND 8IOHS OP TRK PXIMART PLANBTS. 23 

Most of the planets are named after heathen gods or 
goddesses. 

MsRciTRT was the messenger of the gods, and the 
sign, Q, is his eaduceus^ or rod, with serpents twined 
around it. 

Venus was the goddess of love and beauty. Her 
sign, 9, is a mirror with a handle after the ancient 
form. 

The EARtH is represented by the sign 9, denoting a 
sphere and its equator; or by 0, which may denote 
either meridians of longitude, or the four quarters of the 
globe. 

Mars was the god of war, and his sign, ^ , is a buckler 
and spe^r. • 

Vesta, the goddess of fire, has the sign of an altar, ft, 
with 9, fire blazing upon it. 

AsTRAA, the name of the new asteroid, signifies a story 
and may be known by its appropriate sign, :|c. 

Juno was the reputed queen of heaven ; and her 
sign, Q , is an ancient mirror ^ crowned with a star — an* 
emblem of beauty and power. 

Ceres is so called after the goddess of grain and har. 
vests. Her sign, ?, is a sickle, of an antiquated form. 

Pallas was the goddess of MTisdom, and her sign, $ , 
is the head of a spear. 

Jupiter, the reputed father of the gods, is known by 
the sign U, It was originally the letter Z, the first let- 
ter of the Greek word Zeus, the name for Jupiter, which 
has been changed in the course of time to its present 
form. 

Saturn was the reputed father of Vesta, Ceres, dsc. 
His astronomical sign, ^^ is supposed originally to have 
denoted a scythe, 

Herschel, so called after Sir William Herschel, its 
discoverer, (also called Georgium Sidus, or Georgian Star^ 
after Greorge III. his patron, and Uranus, from a heathen 
divinity,) has the sign of the letter H, with a planet sus* 
pended from the cross^>ar — thus, V. It is designed to 
indicate Dr. Herschel as its discoverer. 

Le Vsreier, the last new planet^ sd called from its dls- 
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m 

ooverer, has the sign of an L and a V* united, with a 
planet suspended from the hair line of the V — thus, 1'. 
This also denotes the discoverer of the planet.* 

The Moon is denoted by various signs, according as it 
is new, half-grown, or full — ^thus, #, €), O. 

The Sun is represented by the sign 0, denoting an an- 
cient buckler. As the ancients kept their bucklers bright, 
so as to dazzle the eyes of their enemies, this instrument 
was selected as the appropriate emblem of the sun. It is 
also known by the signs ® and 9. 

The five planets enclosed in braces in the table are 
the Asteroids. Mercury and Venus are the interior plan- 
ets, and those outside the Earth's path the exterior. 

The several planets should now be looked out upon the 
map, and their comparative size, distances from the sua, 
and appearances carefully noticed. 

Mercury is placed close to the sun, and directly under 
him. Venus is also near the sun, and a little above him 
on the leA. The Earth is next in order, above the sun, 
and a little to the right. The Moon and her orbit will be 
seen near the earth. Mars is on the right of the sun, and 
beyond the orbit of the earth. He is the irst of the exte^ 
rior planets. Above the earth are seen the ^ve planets 
called Asteroids, viz. : VestOy Astraa, Juno, Ceres, and 
Pal/as, Jupiter is the large planet below the sun on 
the left. His surface is striped with curious belts, and he . 
is attended by four secondary planets or moons. Above the 
Asteroids on the right is seen the beautiful planet Saturn, 
lie is attended by seven moons, and surrounded by two 
magnificent and wonderful rings. Hersckel and his six 
moons are placed on the lefi, near the upper comer of the 
mup. Le rfrrier could not be placed upon the map at his 
relative distance, but may be imagined at twice the dis> 
tance of Herschel, and of about the same magnitude. 

* The BoQid of Loiigitade of Paris recommend that the sew 
planet be called Neptunu$t after the heathen god of the seas, with 
the sign of a trident ; but we see no good reason why the name 
of Its discoverer should be exchanged for that of an imuginary divini- 
ty. Astronomy n^eds no additioiud appendages from the Mythology 
of th«^ ancients. 
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DISTANCES OF THE PLANETS FKOM THE SUN. 

(Map 2.) . 

Map 2 shows all the planets, except Le Verrier, at their 
relative distances from the sun. The scale is one hun- 
dred millions of miles to an inch. The distances of the 
planets in miles are as follows : 

Mercury, 37 millions. Ceres, 
Vensis, 69 " Pallas, 

Earth, 95 " Jupiter, 

Mars, 145 " Saturn, 

Vesta, 225 
AstraDa, 253 
Juno, 254 

It is difficult to conceive justly of these vast distances. 
Were a body to move at the rate of five hundred miles 
an hour, without intermission, it would require near eight 
and a half years for it to pass from the sun to the nearest 
of these planets. To visit the earth would require over 
twenty -one years ; and to reach Herschel over four hun* 
dred years ! 

Railroad cars travel at the rate of- about thirty miles 
an hour, or a mile in two minutes. Now if there was a 
railroad from the sun to the orbit of Le Verrier and the 
orbits ^ the other planets were stopping-places on the 
route, the train would reach ' 

years. 
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6,933 



Le Verrier, " 13,700 

Such a journey would be equal to riding 900,000 timet 
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over Whitney's proposed railroad from Boston to Ore* 
gon. 

It is now about 5,850 years since the creation of the 
world. Had a train of cars started from the sun at that 
time to visit the orbit of Herschel, and travelled day and 
night ever since, at the rate of thirty miles per hour, they 
would still have 284 millions of miles to travel before 
they could reach their journey's end. To finish the pas- 
sage would require 1,083 years longer ; the whole of 
time past and a thousand years to come ! To reach the 
distant orbit of Le Verrier the train would need to pro- 
ceed onward, at the same rapid rate, nearly 7,000 years 
longer ! 

Such is the vast area embraced within the orbits of the 
planets ; and the spaces over which the sunlight travels, 
to warm and enlighten its attendant worlds. 



Lesson 9% 

DEGREES, MINUTES, AND SECONDS EXPLAINED. 

(Map 3.) . 

In astronomy, the distances and magnitude of bodies 
are often given in degrees y minutes, and seconds. It will 
be necessary, therefore, to show what these mean» */' 

"A circle is a plane Jigure, comprehended by« single 
curve line, called its circumference^ every part ofvwhich 
is equally distant from the point within called its c^re,** 
A circle is represented on the right at Fig. 1. 

A quadrant is the fourth part of a circle* 

A sextant is the sixth part of a circle. 

A sign is the tweldh part of a circle. 

A degree is the thirtieth part of a. sign, or one three 
hundred and sixtieth part of a circle. 

A minute is a sixtieth part of a degree ; and 

A second is the sixtieth part of a minute. 

On the map the circle is divided off into parts of ten 
degrees each, and numbered in figures every thirty- de- 
greesi or oftener. It will be seen that one-fourth of a 
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ciiole contaiDs just three eignSf or ninety degrees; and 
half a circle nx signs, or otie hundred and eighty degrees. 

All circles, whether great or small, have the same 
number of degrees, namely, tfiree hundred and sixty. 
But one hundred and eighty marks the greatest possible 
angle, as a |>air of compasses can be opened no farther 
than to bring the legs in a straight line. These degrees, 
dco;, are used to represent the angle which any two lines 
form, coming from different points, and meeting at the 
eye in the centre. 

In the figure the lines passing from the stars on the 
left to the eye, are found by the measurement on the 
circle to be ten degrees apart. If the dotted line was 
perpendicular to the lower or plain one, they would be 
ninety degrees apart, dso. 

Degrees, minutes, and seconds are denoted by certain 
characters, as follows : ^ denotes degrees, ^ denotes min- 
utes, and ^^ denotes seconds. Thus, 10^ 15^ 20^'' is read 
ten degrees, fifteen minutes, and twenty seconds. 

Measurement by degrees, minutes, and seconds, is 
called Angular Measurement. 

Lesson lOe 

ANGULAR DISTANCES, MAGNITUDES, dsc. 

(Map 3.) 

In Fig. 1, the observer is represented as seeing two 
stars on the left side of the map. By looking at the 
graduated or divided circle, it will be seen that the angle 
which these two stars make at the eye is 10^. The stars 
are therefore said lO be lOo apart. If a globe filled the 
same angle, or number of degrees, as shown on the map, 
we should say it was 10^ in diameter. If the space be- 
tween the foot of a mountain and its top filled the same 
angle, we should say it was 10*^ high; 'and if a comet 
passed through the same angle in one hour, we should 
say its velocity was 10<^ an hour. 

All circles, whether large or small, have the same* 
number of degrees ; but the angle which an object makes 
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at the eye will be great or small, according as it is near 
to or distant from the observer. This is illustrated by- 
Fig. 2. On the left is the object. To the observer in 
the centre the globe is 20° in diameter ; but to the one 
on the right its diameter is but 10°. To a third observer, 
at twice the distance of the last, it would appear but 5^ 
in diameter, &c. This shows why objects grow smaller 
in appearance as we recede from them, and larger as we 
advance towards them. Their apparent magnitude is in- 
creased or diminished in proportion to the distance from 
which they are viewed. 



Lesson !!• 

THE SUN AS SEEN FROM THE DIFFERENT PLANETS. 

(Map 3.) 

By the table of distances, (8,) and also by Map % it 
will be seen that the Sun is about twice as near to Mer- 
oury as he is to Venus. Of course, then, according to 
the principle illustrated in Fig. 2, his apparent diameter 
must be twice as great when viewed from Mercury as 
when viewed from Venus. From the Earth it is still 
smaller, and so on till we view him from the distant orbit 
of Le Verrier, from which he would appear but a small 
glimmering point in the heavens. Fi^om the fixed star 
Sirius, he would appear smaller than Sirius appears 
to us. 

The relative apparent magnitude of the Sun, as seen 
from the different planets, is represented by Fig. 3. His 
angular diameter would be, 



From Mercury 

" Venus - 

« Earth - 

•♦ Mars ^ - 

" Vesta - 

" Astreea - 

«* Juno - - 



. 82y From Ceres - - - - 1 U' 

- 44' " Pallas - - - llj' 

- 32^ " Jupiter ... 6^ 

- 2V " Saturn . . - aj' 
-13^^ " Herschel - . If' 
. 12' " Le Verrier - 5(K' 
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From Mercury it is supposed that the spots on the Sun 
would be visible to the naked eye, as seen on the map ; 
and from Le Verrier the Sun himself would appear but as 
a large and brilliant star. Let the student imagine him- 
self as approaching the sun till it has four times its pres- 
ent apparent diameter, and his spots stand out in full view 
to the naked eye ; and then let him recede from the sun, 
pass the earth and the orbits of Jupiter and Saturn, and 
retire away into space, till the sun appears but a glim- 
mering star, and he will have some faint conception of 
the almost inconceivable distances of the solar bodies. 



Lesson 13« 

PHILOSOPHY OP THE DIFFUSION OF LIGHT. 

(Map 3.) 

Light always moves in straight lines, unless turned out 
of its course by refitctUm or refraction. This is repre- 
sented by Fig. 4 on the map ; where the light is seen 
f massing to the right, from the sun on the left. From this 
aw it follows that the squares A B and C in the diagram 
would receive equal quantities of light ; but as B has 
four times, and C nine times the surface of A, a single 
square of B equal to A, would receive only one- fourth 
as much light as A ; and a square of C, equal to A, 
would receive only one-ninth as much. This difference 
in the amount of light received is caused by the unequal 
disfances of the several squares from .the miniature sun 
on the left. The distances are marked on the upper line 
of light by the figures 1, 2, 3. 

The rule for determining the relative amount of light 
received by several bodies, respectively, placed at nnef^ual 
distances from their luminary, is, that their light U tn- 
versely as the squares of their distances. This rule, also, 
is illustrated by the figure. The square of 1 is 1 ; the 
square of 2 is 4 ; and the square of 3 is ^9. Hence l, ^, 
and \, will represent their relative light, as already 
shown. The checks are designed to illustrate thi» vule. 

3* 
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Lesson 13. 

LIOHT AND HEAT OF THE SEVERAL PLANETS. 

(Map 3.) 

By applying the foregoing rule to the planets, at their 
rsspective distances from the sun, we are enabled to as- 
certain the relative amount of light received by each ; 
and on the supposition that their heat is proportionate to 
their light, we can easily determine their average tern' 
perature. At the bottom of the map the planets are 
placed at their relative distances from the sun, commen- 
cing with Mercury on the left, and extending to Herschel , 
on the right. Immediately over each planet respectively, 
and near the upper line of the diagram, is marked the 
proportionate light and heat of each, the earth being one. 
They are as follows : 



::, 



Mercury 6^ Juno 

Venus 2 Ceres and Pallas 

Earth 1 Jupiter ^j 

Mars 1 Saturn ^ 

Vesta i Herschel ... - ^^ 

Astrsea f Le Verrier - - - y^^ 

It appears, therefore, that Mercury has 6^ times aa 
much light and heat as our globe ; Herschel only j|^, 
and Le Verrier only ^A^ th part as much. Now if the 
average temperature of the earth is 50 degrees, the aver, 
age temperature of Mercury would be 325 degrees ; and 
as water boils at 212, the temperature of Mercury must 
be 113 degrees above that of boiling water. Venus 
would have an average temperature of 100 degrees, 
which would be twice that of the earth. On the other 
hand, Jupiter, Saturn, Herschel, and Le Verrier, seem 
doomed to the rigors of perpetual winter. Think of a 
region 90, 368, or 1300 times colder than the average 
temperature of our globe ! 
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** Who there inhabit must hare other powen, 
Juices, aiid veiiu, and sense , and life, than oan: 
One moment's cold, like theirs, would pierce the bone, 
Freeze the heart's blood, and turn us all to stone !" 

It is not certain, however, that the heat is proportionate 
to the light received by the respective planets, as various 
local causes may conspire to modify either extreme of 
the high or low temperatures. For instance, Mercury 
may have an atmosphere that arrests the light, and screens 
the body of the planet from the insupportable rays of the 
sun ; while the atmospheres of Saturn, Herschel, &c., 
may act as a refracting medium to gather the light for a 
great distance around them, and concentrate it upon their 
otherwise cold and dark bosoms. 



Lesson 14e 

MAGXinrDE OP THE PLANETS. 

(Map 2.) 

On the large map the planets are drawn upon a scale of 
40,000 miles of diameter to an inch. The Sun is repre- 
sented as but a point, because he could not be placed in 
the map, of a size proportionate to the planets. 

The diameters of the several planets are as follows : 



Mercury, 3,000 miles. 


Ceres, 


1,600 miles. 


Venus, 7,800 " 


Pallas, 


2,100 " 


Earth, 8,000 " 


Jupiter,- 


89,000 " 


Mars, 4,200 " 


Saturn, 


7P,000 " 


Vesta, 270 « 


Herschel, 


35,000 *f 


Astrsea, unknown. 


Le Verrier, 


35,000 " 


Juno, 1,400 " 







By carefully observing each planet as laid down on 
the map, it will be seen that their relative magnitudes 
correspond with their relative diameters as here stated. 
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Lesson 15. 

KELATIYB MAGNITUDE OF THE SUN AND PLANETS. 

(Map 4.) 

The relative magnitude of the sun and planets ib repre^ 
sented in Map 4, Fig. 1. The scale of the charts is the 
same as in No. l2 — namely, 40,000 miles of diameter to 
an inch. As the sun is 886,000 miles in diameter, he 

is drawn 22^ inches across, to show his true magnitude 
as compared with the planets. These may be seen on 
the right side of the map, commencing with Mercury at 
the top, and passing downward to Herschel. Le Verrier 
is opposite Herschel on the left. 

The secondary planets will be seen around their pri- 
mariee. 

The magnitudes of the primary planets as compared 
with the earth, are as follows, viz. : 

Mercury, . . . . ^ Ceres, yij 

Venus, ^ Pallas, ^ 

Earth, -.-,-. 1 Jupiter, - - - 1,400 

Mars, 1 Saturn, - - - 1,000 

Vesta, TTTTTO Herschel, - - 90 

Astraea, tmknown. Le Verrier, - 90 

Juno, yfy 

The sun is 1,400,000 times larger than the earth, and 
500 times larger than all the other bodies of the Solar 
System put together. It would take one hundred and 
twelve such globes as our earth, if laid side by side, to 
reach across his vast diameter. 

The moon's orbit is two hundred and forty thousand 
miles from the earth. Now, if the sun was placed where 
the earth is, he would fill all the orbit of the moon, and 
extend more than two hundred thousand miles beyond it 
on every side ! What is a globe like ours compared with 
such a vast and ponderous body as the sun ? 
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Lesson 16. 

COMPARATIVE DENSITY OP THE PLANETS. 

By density is meant compactness or closeness. of parts. 
Hence we say cork is less dense than iron, and stone it 
more dense than common earth. In like manneir the 
planets differ from each other in density, or in the com- 
pactness of the substances of which they are composed. 

The comparative density of the several planets, and the 
substances with which they most nearly agree in weighty 
will be shown by the following table, in which the earth 
in takeii as the standard of comparison. 

Mercury, . . 3 — ^lead. Saturn, . . . -A — cork. 

Venusi . . . ^ — earth. Herschel, . J- — water. 

Esirth, ... 1 Le Verrier, . unknowa. 

Mars, . . . A e arth. Sun, .... J — water. 

Jupiter, . . -J — water. 

This table is one of considerable importance, and 
should be committed to memory. Its uses will be more 
clearly seen in the next lesson. 



Lesson 17. 

iffTSACTION OP THB PLANETS. 

4 

Attraction or gravitaiion is the tendency of bodies to- 
wards each otjb^r,^ By this influence substances fall to 
the earth, wbigh raised from it and left without support. 
The force of iat^raction is what constitutes the weight ot 
bodies ; and its amount depends upon the quantity of 
matter in the bodies attracting, and their distances from 
each other. 

From the above law of attraction it follows that large 
bodies attract much more strongly than small ones, pro- 
vided their densities are equal, and their distances the 
same ; and as the force of attraction constitutes the weight 
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ATTBACTION Of TBB FLANBTS. 



lbs. 


ox. 





H 





IS 





8 


2 


8 


1 


H 





12! 


unknown. 


28 


5| 



of a body, it follows that a body weighing a given number 
of pounds on the Earth would weigh much more on Ju- 
piter or Saturn y and much less on Mercury or the As- 
teroids. 

The following table shows the relative attractive force 
of the Sun and Planets. A body weighing one pound on 
the Earth, would weigh 

On Mercury, 

" Venus, - 

" Mars, - 

" Jupiter, - 

" Saturn, - 

" Herschel, 

" Le Verrier, 

" The Sun, 

A person weighing 150 lbs. on the Earth, would con- 
sequently weigh 875 lbs. on Jupiter; 4,250 lbs. on the 
Sun; and only 75 lbs. on Mars. The attractive force of 
the Asteroids is so slight that if a man of ordinary mus- 
cular strength were transported to one of them, he might 
probably liu a hogshead of lead from its surface without 
difficulty. 

But the learner will notice that the attractive force, as 
shown in the above table, is not in strict proportion to the 
bulk of the planets respectively. This diflference will be 
accounted for by again referring to Lesson 16, where the 
subject of density is considered. From the principles 
there laid down, it will be seen at once that though one 
planet be as large again as another, still, if it were but 
half as dense, it would contain no more matter than the 
smaller one ; and their attractive force would be equal. 
If Jupiter, for instance, were as dense as the earth, his 
attractive force would be four times what it now is ; and 
if the density of all the solar bodies was precisely the 
same, their attractive forc6, or the weight of bodies on 
their surfaces, would be in exact proportion to their 
bulk. 
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Lesson 18. 



PERIODIC ESYOLUTIONS OF THE PLANETS. 

(Map 2,) 

It has already been stated (3, 4, and 6) that the planets 
revolve around the sun. Their direction is from west to 
east, or towards that part of the heavens in which the sun 
rises. The passage of a planet from any particular point 
in its orbit, around to the same point again, is called its 
periodic revoluUan ; and the time occupied in making such 
revolution is called its periodic time. 

The periodic times of the planets are as follows : 



Mercury, . 




m 


years, 68 days 


Venus, 






' 


' 225 " 


Earth, 






1 • 




Mars, 






1 « 


« 322 « 


Vesta, 






3 • 


« 230 « 


Astrsa, 






4 * 


< 61 " 


Juno, 






4 ' 


< 131 " 


Ceres, 






4 ' 


« 222 " 


Pallas, 






4 * 


« 222 « 


Jupiter, 


• 




11 ' 


« 317 « 


Saturn, 






. 29 < 


« 175 " 


Herschel, - 






. 84 * 




Le Verrier, 






. 164 * 


1 (« 



The periodic time of a planet may very properly be 
called its year; hence, one of Herschel's years would 
equal 84 of ours ; a year of Saturn is equal to about 30 
of ours, dec. ^ 

But this difference in the length of the years of the 
several planets, is not owing solely to the difference in 
the extent of tlieir orbits : there is an actual differenoe in 
their velocities, as will be shown in the next lesson. 
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Lesson 19* 



HOURLY MOTION OF THB PLANETS IN THEIR ORBITS. 



(Map 2.) 



Mercury, 






. 05,000 miles. 


Venus, . 






. 75,000 " 


Earth, 






. 68,000 " 


Mars, 






. 55,000 " 


Vesta, ■ 






. 44,000 " 


Astrsea, > 






. 42,000 " 


Juno, 






. 42,000 « 


Ceres, 






. 41,000 « 


Pallas, . 


• 




. 41,000 " 


Jupiter, . 






. 30,000 « 


Saturn, . 




1 


. 22,000 " 


Herschel, - * 




. 15,000 " 


Le Verrii 


Bf, 




. 11,000 " 



Here, instead of finding the swiftest planets perform. 
ing the longest periodic journeys, this order is reversed, 
a;nd they are found revolving in the smallest orbits. The 
nearer a planet is to the sun, the more rapid its motion, 
and the shorter' its periodic time. The reasons for this 
difierence in the velocities and periodic times of the plan> 
etfl» will appear in the next lesson. 



Lesson 90. 

CENTRIPETAL AND CENTRIFUGAL FORCES. 

(Map 20 

The tendency of the planets towards the sun, or in 
other words, the mutual attractive force of the sun and 
planets, is called the centripetal force ; and the projectile 
force, or that which impels the planets onward in their 
orbits, is called the centrifugal force. If the centripetal, 
or force of attraction, was suspended, the planets would 
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fly otr in straight lines beyoDd their present orbits, and 
leave the Solar System forever ; and if the centrifugal 
force was suspended, the planets would yield to the cen- 
tripetal force, and fall to the surface of the sun. 

It has already been stated, in Lesson 17, that the 
force of attraction depended somewhat upon the distances 
of the attracting bodies ; those nearest together being mu- 
tually attracted most. It follows, therefore, that Mercury 
has the strongest tendency towards the sun, Venus next, 
the Earth next, &c., till we get through to Le Verrier ; 
and as the centrifugal force, which is to balance the cen- 
tripetal, is created by the velocity or projectile force of 
the planets, that velocity must needs be in proportion to 
their distances respectively, from the sun ; the nearest 
revolving the most rapidly. This we find to be the actual 
state of things in the Solar System. And what wisdom 
and skill are displayed in so adjusting these great forces,. 
as that the planets neither fall to the sun on the one hand, 
nor fly off* beyond the reach of his beams on the other ! As 
it is, they remain balanced in their orbits ; and steadily 
revolve at stated periods from age to age. " O Lord, how 
manifold are thy works ! in wisdom hast thou made them 
all." 

Lesson 31« 

DIUENAL REVOLUTIONS OF THE PLANETS. 

(Map 8.) 

In addition to the motion of the planets in their orbiti 
uround the sun, they have another motion around their 
respective axes, producing the vicissitudes of day and 
night. So far as is known, the time of these revolutions, 
or the length of their days, respectively, is as follows : 

Mercury, 24 hours. 

Venus, 23J " 

Earth, 24 «« 

Mars 24^ << 

Jupiter, 10 ** 

Saturn, 10^ <« 

4 
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Herschel, unknown. 

Le Verrier, .... unknown. 
Sun, .... 25 days 14 hours. 

The learner will not fail to observe the striking simi- 
larity in the length of the days of the first four of the 
planets ; much less the very rapid motion of Jupiter and 
Saturn upon their respective axes. As their days are 
only about five hours long, the sun must seem to mount 
very rapidly up their heavens, and to decline as rapidly 
downward to their western horizon. His progress must 
be apparent to the inhabitants of those planets. 

From the rapid rotation of Jupiter and Saturn, it fol- 
lows that they must have about 875 of their days in* one 
of our years ; and as Jupiter's year is about 12 times, 
and Saturn's about 30 times as long as ours, it follows 
that the former will have about 10,500 days in his year^ 
and the latter about 26,200. 

The fact that the planets revolve upon their respective 
axes is ascertained by observing the motion and direction 
of spots on their surfaces ; or, in other words, their con- 
tinents and seas. For instance, in observing the sun, we 
discover one of his spots on his eastern limb or edge, and 
by watching it, find that it passes over his disc and dis- 
appears from his western limb in about 12 days and 19 
hours. From this we infer that it would pass around and 
reappear ^here it was first seen, in 12 days and 19 hours 
longer ; making the time of the entire revolution 25 days 
and 14 hours. It is in this way that the time of the rev- 
olution of the planets upon their axes is determined. 
The effect of the rotation of the planets in modifying their 
forms, will be shown in the next lesson. 



Lesson 23« 

TRUE FIGURE OF THE PLANETS. 

The spherical form of the planets evinces the supreme 
wisdom of the great Creator. Were they cubes, for in- 
stance, instead of spheres, their temperature would be far 
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• 

less regular than it now is ; the sun would rise suddenly 
upon a whole side at once, and as suddenly disappear at 
night ; and the blessings of twilight, and the gradual suc- 
cession of day and night, as they now transpire, would be 
unknown. 

On the maps the plan^ are represented as exactly 
round, or spherical ; but this is not their precise form. 
Their rapid motion around their respective axes has a 
tendency to depress or flatten them at their poles ; and 
extend or widen them at their equators. Hence their 
equatorial diameter is considerably greater than their po- 
lar diameter ; the true figures of the planets being that 
of ohlate spheroids. 

The dinerence between the polar and equatorial diam- 
eter of the planets respectively, so far as known, is as 
follows : 

Earth, • . 36 miles. Jupiter, • • 6,000 miles. 
Mars, . . 25 " Saturn, . . 7,500 " 

Lesson 33. 

THE ECLIPTIC. 

(Map 5,) 

The Ecliptic is the plane or level of the earth's orbit, 
indefinitely extended. Fig. 1 represents the earth in her 
orbit, as she would appear to a beholder placed at a dis- 
tance, and elevated above the plane of the ecliptic. She 
is represented in perspective as appearing smaller as shQ 
grows more distant — as keeping her poles towards the 
same points in the heavens ; and as exhibiting the phases 
of the moon according as wewsee more or less of her en- 
lightened side. She is colored green, as she usually is 
through the series, to represent ner vegetation. The ar- 
rows placed in her orbit show her direction. 

If the student has any difficulty in getting a correct 
idea respecting the ecliptic, let him suppose the orbit of 
the earth to be a hoop oi small wire laid upon a table : 
the surface of the table, both within and without the hoop, 
would then represent the plane of the ecliptic. 
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From the above definition and description, it will be 
teen tliat the ecliptic passes through the centre of the 
earth, and the centre of the sun ; consequently the eclip- 
tic and the apparent path of the sun through the heavens 
are in the same plane. It will be easy, therefore, to as- 
certain the true position of the ecliptic in the heavens ; 
and to imagine its course among the stars on the other 
aide of the globe. 

Lesson 34. 

THE POLES OF THE ECLIPTIC. 

(Map 6.) 

The poles of the earth are the extremities of her axis. 
The poles of the ecliptic are the extremities of the im- 
aginary axis upon which the ecliptic seems to revolve. 
The ends of a rod or pointer, run through the . map 
at the centre of the sun, would exactly represent the 
poles of the ecliptic. 

As the ecliptic and equator are not in the same plane, 
their poles do not coincide, or are not in the same points 
in the heavens. 

Lesson 9Si. 

OBLiqUITT OF THE ECLIPTIC. 

(Map 8.) 

It has already been stated that the sun as well as the 
earth is always in the plane of the ecliptic. But he 
b north of the equator for six months, and south six 
months. It follows, therefore, that one-half the ecliptic is 
south of the plane of the earth's equator, and the other 
half north of it. 

As the axi%of the earth is inclined to the ecliptic 23^ 
28', her equator must make the same angle to the eclip- 
tic in the opposite direction ; and the ecliptic must cross 
the plane of the equator obliquely. The angle of 23^ 
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28' thus made is what constitutes the obUquity of the 
ecliptic. 

This subject will be better understood by examining 
the figure of the earth, and the position of her equator, as 
represented on the map. 



Lesson 36. 

THE ZODIAC. 

(Map 60 

The Zodiac is an imaginary belt 16^ wide, namely, 
6^ on each side of the ecliptic ; and extending from west 
to east quite around the heavens. It is represented on 
the map by the plain circles above and below the eclip- 
tic. In the heavens the Zodiac includes the sun's ap- 
parent path, and a space of eight degrees south and eight 
degrees north of it. 

Lesson 37« 

SIGNS OF THE ZODIAC 

(Map 5.) 

The great circle of the Zodiac is divided into twelve 
equal parts called signs. These divisions are shown on 
the map by the spaces between the perpendicular lines 
that cross the Zodiac. The ancients imagined the stars 
of each sign to represent sbme animal or object, and gave 
them names accordingly. 

The names, order, and symbols of the twelve signs 
of the Zodiac, are as follows : 

Aries, or the Ram, . • T Libra, the Balance, . . aOi 

Taurus, the Bull, . • >5 Scorpio, the Scorpion, . it[ 

Gemini, the Twins, . • ]J Sagittarius, the Archer, / 

Cancer, the Grab, . . ^ Capricomus, the Groat, . 1^ 

Leo, the Lion, • • • SI Aquarius, the Waterman, ss 

Virgo, the Virgin, . . nj Pisces, the Fishes, . • ^ 

The ancient Astrologists supposed that each of th 
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signs governed some particular part of the human hody ; 
and even in modern times people sometimes consult the 
frontispiece of their almanacs, to see whether the " sign" 
is " in the head," or " in the heart ;" so as to attend to 
certain important affairs ''when the sign is right." 
The idea seems to be that the word "«^" signifies an 
amen or prognostication ; and that the signs of the Zodiac 
have some mysterious control over the destiny of man. 
But this fragment of heathen astrology is fast falling into 
disrepute ; and it is hoped will soon be utterly banished 
from every civilized country. 



Lesson 9S. 

NODES ASCENDING AND DESCENDING. 

(Map 5.) 

Fig. 1 represents an interior planet as revolving -m 
an orbit inclined to the ecliptic at an angle of about 45<^ ; 
and as both planets revolve around the same centre of at- 
traction, the interior planet must pass through the plane 
of the ecliptic twice at every revolution : once in ascend- 
ing, and once in descending. These two points, where 
the orbit of a planet passes through or cuts the plane of 
the ecliptic, are called the nodes of its orbit. One is 
called the ascending, and the other the descending node. 
On the map A. N. is the ascending node, and D. N. the 
descending node. They are also denoted by the follow, 
ing characters, viz. : Q for the ascending, and t5 for the 
descending. 

A line drawn from one node to the other is called the 
Une of the nodes, and may be seen on the map, marked 
L.N. 

In the figure the ascending node is represented as 
being in the middle of Libra, and the descending in the 
middle of Taurus. The design is merely to illustrate the 
subject, without representing the actual line of the nodes 
of any one of the planets. 
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Lesson 39. 

TRANSITS. 

(Map 5.) 

By consulting Fig. 1 it will be seen that if an interior 
planet was at her ascending node, and the earth on the 
line of the nodes, on the same side of the ecliptic, the 
planet would seem to pass over the body of the sun, as 
shown in the figure. This passage of a planet over the 
sun's disc, or between the earth and the sun, is called a 
Transit. 

Mercury and Venus are the only planets that can make 
a transit visible to us ; as all the rest are exterior to the 
earth's orbit, and consequently can never come betweea 
tba earth and the sun. But the earth may make transits 
visible from Mars, the Asteroids, and Jupiter ; and they 
in turn may make transits for the inhabitants of all exte- 
rior worlds. The principle is, that each interior planet 
may make transits for all those that are exterior. 

But transits can never occur except when the interior 
planet and the earth, or planet from which the transit is 
seen, are both on the line of the nodes. The sun and 
both the planets will then be in a line, and the one near- 
est the sun will seem to pass, like a dark round spot, over 
the sun's face. 

If the orbits of Mercury and Venus lay in the plane 
of the ecliptic, (see Lesson 23,) they would make transits 
whenever they were in conjunction with the sun. Even 
with their present inclination the same phenomenon would 
take place twice in every revolution, if Venus and the 
earth, for instance, were to start together from the line 
of Venus's nodes, and revolve in the same periodic time. 
Venus would' then always make a transit in passing her 
nodes. 

To calculate transits at any one node, we have only 
to find what number of revolutions of the interior planet 
are exactly equal to one, or any number of revolutions 
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of the earth ; or in other words, when the earth and the 
planet will again meet on the line of tlie planet's nodes. 
In the case of Mercury this ratio is as 87.969 is to 
865.256 ; from which we ascertain that 

7 periodical reToIutions of the Earth are equal to 29 of Mercury ; - 
13 " ** ** " " 54 " 

33 •* ** ** « « 137 " 

46 « St it M N 291 '* 

Therefore transits of Mercury, at the same node, may 
happen at intervals of 7, 13, 83, 46, &c., years. 

All transits and eclipses are calculated upon these 
principles. 



Lesson 30. 



TRANSITS OF MERCURY. 



(Map 5.) 

The following is a list of all the transits of Mercury 
from the time the first was observed, Novembei*6, 1631, 
to the end of the present century. 



1631 — November 6. 

1644 — November 6. 

1651 — November 2. 
1661— May 3. 

1664 — November 4. 
1674— May 6. 

1677 — November 7. 

1690— November 9. 

1697 — November 2. 
1707— May 5. 

1710 — ^November 6; 

1723— November 9. 
1736 — November 10. 

1740 — November 2. 

1743 — ^November 4. 
1753— May 5. 

1756— November 6. 

1769 — ^November 9. 



2. 



1 776 — November 
1782 — November 12. 
1786— May 3. 
1789 — November 5. 
1799— May 7. 
1802— November 8. 
1815— November 11. 
1S22— November 4. 
1832— May 5. 
1885— November 7. 
1845 — May 8. 
1848 — Noi^ember 9. 
1861 — November 11. 
1868— November. 4. 
1878— May 6. 
1881— November 7. 
1891— May 9. 
1894— November 10. 
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By carefully examiuing the foregoing table it will be 
seen that the transits of Mercury all occur in the months 
of May and November. The reason for this is, that his 
ascending node is in the 16th degree of Taurus, and bis 
descending in the 16th degree of Scorpio ; the first of 
which points the earth always passes in November, and 
the other in May. 

All the transits, therefore, that happen in November^ 
are when Mercury is at his ascending node, and the resi- 
due are wjien he is at his descending node* 

Again : If we take the transits in their order, as laid 
down in the table, they will be found not to occur at in- 
tervals of 7, 13, 33, 46, &c. years, as previously stated ; 
but if we take those only that occur at the same node, we 
shall find them regulated according to the ratio prescribed. 
For example : froin 1631 to 1644 is 13 years ; from 
1644 to 1651 is 7 years ; from 1651 to 1664 is 13 years ; 
from 1664 to 1677 is 13 years ; from 1677 to 1690 is 13 
years; from 1690 to 1697 is 7 years, &c. Thus far 
their intervals are 7 and 13 years ; but they may happen 
at the other periods. 

If we take those occurring in May we shall find them 
conforming to the same ratio ; as previously laid down 
in Lesson 29. 



Lesson 31. 

TRANSITS OF VENUS. 

(Map 5.) 

8 periodica] revolntimn of the Earth are equal to 13 of Venna 
235 " «< «« «« «« 382 " 

243 «« «« « « « 346 " 

251 " *« «« " " 408 " 

291 « «« « " " 475 " 

The line of Venus's nodes lies in the middle of Gemini 
and Sagittarius ; which points are passed by the Earth 
in December and June. It follows, therefore, that transits 
of Venus must always happen in one or the other of these 
months. 
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1 

The following is a list of all the transits of Venus 
from 1639 (the time the first was observed) to ▲. n. 2012. 



1639 — December 4. 
1761— June 5. 
1769— June 3. 
1822 — December 6. 



1874 — December 8. 
1882 — ^December 5. 
2004— June 7. 
2012 — June 5. 



Here it will be noticed, that the transits for December 
occur at intervals of 235 and 8 years ; and those of June 
at intervals of 8, 235, and 8 years, according to the ratio 
previously stated. 

Lesson 39. 

INCLINATION OP THE ORBITS OF THE PLANETS TO THE 

PLANE OF THE ECLIPTIC. 

(Map 50 ^ 

Fig. 1 represents the orbit of. a planet, as inclined to 
the ecliptic at an angle of about 45^. But none of the 
planets have so great an inclination ; the main object 
here being to illustrate the subject of nodes. 

The inclination of the orbits of the several planets 
to the plane of the ecliptic, is shown in Fig. 2. In the 
centre is seen the sun. The dotted line running hori. 
zontally across the map, and through the sun's centre, 
represents the plane of the ecliptic. On the right and 
left are seen arcs of a circle, divided off, and numbered 
every ten degrees. The plain lines, -inclined more or 
less, and passing through the centre of the sun, repre- 
sent the plane of the orbits of the planets respectively. 
On the lefl, outside the graduated circle, are seen the 
names of the planets; and just wit)iin the circle the 
amount of the inclination of their orbits. This inclina- 
tion is as follows : — 

Ceres W 

Pallas 84i 

Jupiter 1; 

Saturn 2j 

Herschel .... 
LeVerrier, not determined. 



Mercury . . . 


. 70 


Venus . . . . 


. 3i 


Earth . . . < 




Mars 


, 2 


Vesta 


, 7 


Astrsea • • . . 


• n 


Juno 


. 13 
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The wide colored portion of the graduated circle shows 
the limits of the Zodiac, extending 8^ on each side of the 
ecliptic. 

It will be seen that the orbits of most of the planets lie 
within the limits of the Zodiac ; but Juno, Ceres, and 
Pallas extend beyond its bounds. They are therefore 
sometimes called the tdtra zodiacal planets. The orbit 
of Le Verrier is not inserted in the map. 

Near the middle of Fig. 2 are seen two comets in their 
orbits ; one coming down from the heights North of the 
ecliptic, passing around the sun and then re ascending; 
and the other coming up from the depths South of the 
ecliptic. The design is to illustrate the fact that the 
comets do not revolve in the plane of the ecliptic, or as 
nearly so as do the planets ; but that they approach the 
sun from all directions, or from every point in the heavens. 



Lesson 33. 

CELESTIAL LATITUDE. 

It will be understood by Lesson 25; that the ecliptic 
and equinocUal are two different planes, intercepting each 
other at an angle of 23^^. Now, although terrestrial 
latitude is distance north or south of the earth's equator, 
yet celestial latitude is not reckoned from the celestial 
equator, or equinoctial, but from the ecliptic. Celestial 
latitude is, therefore, distance north or south of the ecliptic; 
and as one half of the ecliptic is south of the earth's equa- 
tor, (Lesson 25,) it follows that a star may be in north 
celestial latitude, which is, nevertheless, south of the eqia- 
noctiah 

Lesson 34. 

CELESTUL LONGITUDE. 

(Map 6.) 

Longitude on the earth is distance east or west from 
any given point. On all English charts and globes it is 
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reckoned from Greenwich Observatory, near London ; but 
on those of American origin it is usually reckoned from 
the meridian of Washington City. 

Longitude in the heavens is reckoned from the vernal 
equinox, or the first degree of Aries, eastward, around the 
ecliptic to the same point again. The map is a vertical 
view of the Zodiac^ and when suspended to the south of 
the learner, gives a pretty correct idea of its position in 
the heavens. 

Beginning at the first degree of the sign Aries, and 
passing eastward around the ecliptic, the longitude is 
marked off in degrees on the map, and numbered every 
ten degrees. The entire circle, like all other circles, 
consists of 360 degrees ; which bring us to the point from 
which we started. 

From what has been said, it will be obvious that if the 
sign Aries, for instance, were directly overhead, or on 
the meridian at any given time. Libra would be in the 
opposite part of the Zodiac, or in the heavens beyond the 
other side of the edrth. In using longitude to describe 
the position of stars or other objects in the Zodiac, we 
should say the Twins were between the 70th and 80th 
degrees; the Lion between 130 and 140; the Balance 
between 190 and 200 ; the Goat between 280 and 290, 
&c. The student can trace them out for himself^ and 
mark their longitude. 



Lesson 35. 

LONGITUDE OF THE ASCENDING NODES OF THE PLANETS. 

(Maps 5 and 6*) 

On Map 5, Fig. 1, the line of the nodes of the in- 
terior planet enters the middle of Aries, and the middle 
of Libra. It was stated in Lesson 30, that the ascend- 
ing node of Mercury was in the middle of Taurus, 
and his descending node in the middle of Scorpio. This 
will be fully illustrated by Map 6, where the line of his 
nodes is shown, and their longitude marked. The map 



X 






' *' -^ *• - k^iA>^i» T wi^ ■»*,,*. l»^. •^'•V.-.^H 



,A'— ^- 



LOM&ITUOE OF FLAKjiTS ASCENDIMO NODES. 



49 



representa the plane of the ecliptic, and when placed in 
the south side of the schoolroom, corresponds with the 
position of the ecliptic in the heavens. The north side, 
or side towards the learner, is considered as above the 
eclipiic, and the south side below it. To pass the plane 
of the ecliptic, therefore, from South to North, is to 
ascend ; and to return from North to South is to descend. 
The arrows nearest the sun show not only the direction 
of Mercury, as he moves in his orbit, but also his relative 
distance from the sun, and the position of his nodes in 
the ecliptic. The entire line of Venus's nodes is also laid 
down .on the map, together with her distance from the 
•un, and direction, shown by the arrows crossing the line. 
In astronomical tables, the longitude of the ascending 
node only is given ; for when this is ascertained, that of 
the descending node is easily inferred from it. Take for 
instance, the ai^cending node of Mercury : it is laid down 
on the map as in longitude 46^. Of eourse, then, his 
descending node is in th^'opposite side of the ecliptic, or 
just 180<^ distant. Add 180 to 46, and we have;226, the 
actual longitude of his descending node, as shown by the 
map. So by adding 180 to 75, the longitude of Venus's* 
ascending node, we have 255, the longitude of her de- 
scending node. I have therefore given only the longitude 
of the ascending nodes of the planets, and one half the 
line of their nodes on the map ; leaving the longitude of 
"^the descending nodes to be ascertained- in the manner 
already explained. 

- The longitude of the ascending nodes of the planets 
respectively, is as follows : 



Mercury - . 


. - 460 


Ceres . . - - 80° 


Venus - - . 


. - 75 


Pallas - - - - 173 


Earth - - . 


■ m 


Jupiter - . - 98 


Mars • - • 


. - 48 


Sattim - - . - 112 


Vesta - - . 


. - 103 


Herschel ... 72 


Astrcea • - - 


. . 120 


Le Verrier — ^undetermined. 


Juno . •« . 


. - 171 





This subject should be well .understood before the 
learner dismisses it, to enter upon the next le&son, 
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Lesson 36* 

CONSTELLATIONS OF THE ZODIAC. 
(Map 6.) 

Bv this time the student is no doubt anxious to know 
the meaning of the strange-looking figures that are 
placed around this map, in the signs of the Zodiac. It 
must not be forgotten that a tign is merely the twelfth 
part of a circle. The largest circle on the map is divided 
into signs, as well as into degrees. In each sign, and 
outside of the circle, is placed a picture of some kind — 
a bull, a Hon, a lady with wings, a goat, or some other 
figure. The reason for this we will now explain. 

Outside the divided circle on tlie map, and around the 
different figures or pictures, may be seen numerous stars* 
Some are larger than others, and they seem to be scat- 
tered about at random. Such is the natural appearance 
of the heavens generally, in a clear night, as well that 
belt stretching over from west to east called the Zodiac^ 
as any other portion. Now the ancients imagined that 
the stars were thrown together in clusters resembling 
different objects ; and they consequently named the #i£ 
ferent groups after the objects which they supposed them ' 
to resemble. These clusters, when thus marked out by 
the figure of some animal, person, or thing, and named 
accordingly, were called ConstellaUons, 

As every part of the Zodiac is filled with stars, each 
sign has one or more of these ancient constellations. It 
is on this account that the figure, supposed to be repre- 
sented by the constellation of each sign, is still retained ; 
and the signs bear the names of their respective constella- 
tions. 

The pupil will now more clearly discover the folly of 
the idea that each sign or constellation of the Zodiao 
" governs" a particular portion of the human body, as 
stated in some almanacs.* How preposterous the notion 



THB ST7N's APPABENT MOTION IN THS SCUPTIC. 51 

that a cluster of stars, millions of miles from our globe, 
govern a man's head, his arms, or his feet ! And yet 
sdme still think the '< signs" should be consulted in refer, 
ence to many important matters. 

The names of the signs have already been given in 
Lesson 27, to which the learner may again turn, to re- 
fresh his memory, in connection with the map now before 
him. 



Lesson 37. 

THE sun's apparent MOTION IN THB BCLIPTIC. 

(Maps 5 and 6*) 

In Map 5, Fig. 1, the earth is seen performing hex 
annual journey around the sun. Now when the earth is 
in the sign ^^ the sun will appear to be in T ; and as the 
earth moves on to ^, the sun will appear to pass around 
to b. Hence, as the earth passes around in her orbit 
every year, from west to east, it is obvious that the sun 
will appear to make the circuit of the heavens in the 
same time, and in the same direction. 

. All the constellations of the Zodiac seem to overtake 
and pass by the sun westward once a year ; or in other 
words, the sun appears to meet and pass through them all 
Eastward, in regular order, every 365 days. 

Map 6 may illustrate this subject still more clearly. 
The sun is seen in the centre. Around the sun the earth 
is seen in her orbit, the arrows showing her direction. 
Now when the earth is in ^, in November, the sun must 
seem to be in IH, on the opposite side of the ediptic. So 
when the earth is in 11, the sun will appear to be in ^, 

On the 20th of March the earth is in longitude 180, 
or in the first degree of «^ ; at which time we sf^ the gun 
enters T. 

The time of the sun's entrance into the different signs 
is as follows : — 
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T, .March 20th. 
« , April 20th. 
n, May 21st. 
?o, June 21st. 
SI, July 23d. 
W, August 2dd. 



s^, September 23d. 
i^y October 23d. 
/ , November 22d. 
V3, December 21st, 
2S5, January 20th. 
3£, February 19th. 



It must not be forgotten that this motion of the sun 
eastward around the Zodiac, is merely apparent ; and is 
caused altogether by the revolution of the earth around 
the sun. By following the earth in her orbit from March 
20th, around to the same point again, the sun will seem 
to enter all the signs, in the order, and at the times speci- 
fied in the foregoing table. 

As we have our spring while the sun js passing 
through T, y , and 11, these are called the spring signs ; 
% SI, and ^, are the summer signs ; s^, ^, and / , are 
the autumnal signs ; and V3, ^, and 3£, the winter signs. 

This subject will be still further illustrated in the next 
lesson. 

Lesson 38. 

SUCCESSIVE APPEARANCE OF THE CONSTELLATIONS IN THS 

NOCTURNAL HEAVENS. 

(Map 6.) 

We are very apt to suppose that because we see no* 
stars in the daytime, there are none in the heavens above 
us. This is an erroneous conclusion. Were it not for 
the light of the sun, the stars would shine out as brightly 
during what we now call the daytime, as they ever do in 
the night ; but instead of seeing the same constellations 
that we see in the night, at any given time, we should 
see those only that were visible in the night six months 
before ; and would be above the horizon again in the night 
six months afterwards. 

The fixed stars surround the solar system in every 
direction ; and the fact that we cannot see the stars be* 
yond the sun, or in that half of the Zodiac in which he 
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appears, (on account of his superior light,) is no proof that 
such stars do not exist and shine. When the sun is to* 
tally eclipsed, the stars appear in the daytime ; and if 
we look through a long tube or descend into a deepwell, 
so as to shut the strong light of the sun from the eye, the 
stars may be seen even at noon in the heat of summer. 

Let this subject be illustrated by the map. Suppose a 
person to be observing the constellations of the Zodiac 
on the 21st of June. At midnight all the constellations 
from *^ around to T would be in sight ; but at twelve 
o'clock the next day, when the other half of the Zodiac 
would be above the horizon, the sun would be between 
the observer and the signs n and S, and would shed so 
strong a light over the whole visible heavens, as to eclipse 
or obscure all the stars. 

But as the earth passes on in her orbit, and the sun 
seems to pass the signs eastward in regular order, the 
constellations will arise earlier and earlier every night ; 
so that all of them will seem to pass over from east to 
west in the night in the course of a year. 

This map may be used to show what constellations 
will be on the meridian at twelve o'clock, or at any other 
hour of the night, during every rnonth in the year. In 
December they will be 11 and S ; in March W and "^ ; 
in June / and V3, <Scc., as the earth advances eastward 
in her orbit, and turns from west to east upon her axb. 

Lesson 39« 

DISAGBEEMSNT BETWEEN THE MONTHS AND SIGNS. 

(Map 6.) 

The names of the months are marked around on the 
map from we^ to east, to show at what time the earth oc- 
cupies any particular place in her orbit ; and also when 
the sun enters the opposite sign. But the months and 
the signs do not exactly agree in longitude. The earth 
reaches long. 180^, and the sun enters T on the 20th of 
March ; so that ^here are eleven days of March left aftet 
the earth has passed into sSb, and the sun has entered T. 

5* 
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Of course, then, all the months in the year are a little 
more tardy, so to speak, than the signs ; and are repre- 
sented, in the map, as jutting by them eastward about 
ten degrees of longitude. 



Lesson 40. 

THE EQUINOXES. 

(Map 6.) 

The great circle of the Zodiac is divided into four 
parts, by imaginary lines running through the centre of 
the sun, and at right angles with each other. On the 
map they are dottec^ to distinguish them from others, one 
running perpendicularly, and the other horizontally. The 
earth is represented as being at the points where these 
lines cross her orbit. 

Two of these points, namely, the upper and lower, 
are called the equinoctial points. They are so called be- 
cause when the earth is at either of them the sun shines 
perpendicularly on the equator, and consequently to each 
pole ; and the days and nights are of equal length all over 
the world. 

The plane of the equinoctial passes through the earth's 
equator ; or, in other words, it is the equator of the earth 
' extending off into the heavens in every direction. 

The earth passes the equinoctial points on the 20th 
of March and the 23d of September ; the first of which 
is called the vemaly and the latter the aubwnnal equinox. 
These points being in opposite portions of the heavens, 
are, of course, 180^ apart, as appears by the map. 



Lesson 41. . 

PRECESSION OF THE EQUINOXES. 

The best explanation of this nice and intricate motion 
with which we have ever met, is from the pen of the 
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lamented Burritt ; and as we have no wish to affect 
originality at the expense of utility, we insert the follow, 
ing extract for the perusal of the student. It is taken 
from a chapter on the subject in the " Greography of the 
Heavens." 

" Of all the motions which are going forward in the 
Solar System, there is none, which it is important to no- 
tice, more difficult to comprehend, or to explain, than the 
PRECESSION OF THE EQUINOXES, ' as It is termed. 

*' The equinoxes, as we have learned, are the two op- 
posite points in the earth's orbit, where it crosses the 
equator. The first is in Aries ; the other, in Libra. By 
the precession of the equinoxes is meant, that the intersec- 
tion of the equator with the ecliptic is not always in the 
same point: — ^in other words, that the -sun, in its apparent 
annual course, does not cross the ec^uinoctial, spring and 
autumn, exactly in the> same points, but every year a 
little behind those of the preceding year. 

'' This annual falling back of the equinoctial points, is 
called by astronomers, with reference to the motion of the 
heavens, the Precession of the Equinoxes; but it would 
better accord with fact as well as the apprehension of the 
learner, to call it, as it is, the Recession of the Equinoxes : 
for the equinoctial points do actually recede upon the 
ecliptic, at the rate of about bO^^ of a degree every year. 
It is the name only, and not the position, of the equinoxes 
^vhich remains permanent. Wherever the sun crosser 
the equinoctial in the spring, there is the vernal equinox 
and wherever he crosses it in the autumn^ there is the au 
tumnal equinox ; and these points are constantly moving 
to the west. 

" The sun revolves from one equinox to the same equi- 
nox again, in 865d. 5h. 48^ 47''^.81. This constitutes 
the natural, or tropical year, because, in this period, one 
revolution of the seasons is exactly completed. But it is, 
meanwhile, tQ be borne in mind, that the equinox itself, 
during this period, has not kept its position among the 
stars, but has deserted its place, and fallen hack a little 
to meet the sun ; whereby the sun has arrived at the 
equinox before he has arrived at the same position among 
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the Stars from which he departed the year before ; and 
consequently, must perform as much more than barely a 
tropical revolution, to reach that point again. 

" To pass over this interval, which completes the sun^s 
sidereal revolution^ takes (20^ 22^''.94) about 22 minutes 
and 23 seconds longer. By adding 22 minutes and 23 
seconds to the time of a tropical revolution, we obtain 
36 5d. 6h. 9m. 10|-s. for the length of a sidereal revolution; 
or the time in which the sun revolves fi'om one fixed star 
to the same star again. 

" As the sun describes the whole ecliptic, or 360°, ir 
a tropical year, he moves over 59' 8^^ of a degree every 
day, at a mean rate, which is equal to 50}''^ of a degree 
in 20 minutes and 23 seconds of time ; consequently he 
will arrive at the same equinox or solstice when he is 
50-J'''' of a degree slwrt of the sams star or fixed point in 
the heavens, from which he set out the year before. So 
that, with respecu to the fixed stars, the sun and equinoc- 
tial points fall back, as it were, 1° in 7 If years. This 
will make the stars appear to have gone forward 1°, with 
respect to the signs in the ecliptic, in that time : for it 
must be observed, that the same signs always keep in the 
same points of the eclipUc^ without regard to the place of 
the constellations. Hence it becomes necessary to have 
new plates engraved for celestial globes and maps, at 
least once in fifty years, in order to exhibit truly the al- 
tered position of the stars. At the present rate of motio9i|» 
the recession of the equinoxes, as it should be called, or 
the precession of the stars, amounts to 30°, or one whole 
sign, in 2140 years." 



Lesson 4L9. 

THE SOLSTICES. 

(Map 6.) 

The dotted line running horizontally across the map 
is the l^ne of the solstices ; and the points where this line 
crosses the earth's orbit are called the solstitial poifUt, 
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At the time of thie autumnal equinox, Septerobor 23d, 
the sun is directly over the earth's equator, and his light 
extends to both poles, as shown on the map. From this 
time to December 21st, the sun declines south, till it is 
perpendicular over the tropic of Capricorn, (so called 
from the sign which the sun enters on that day,) wnen 
its southern declination is stayed or ceases. Hence the 
name solstice. 

From December 21 A to March 20th the sun ap- 
proaches the equinox, which it reaches at the latter pe- 
riod, when h% begins to decline northward, till on the 2 1st 
of June he reachei^ the tropic of Cancer, He is then at 
the summer solstice. From June 21st to September 23d 
the sun again^^ipproaches the equator or equinox, at 
which time he begins again to decline south, &c. 

This declination of the sun north and south, and his 
apparent passage through the plane of the equinoctial, 
twice a year, are caused by the inclination of the axis of 
the earth to the plane of the ecliptic, and her revolution 
around the sun. What we have here said will serve 
more fully to illustrate Lesson 25, where the obliquity 
of the ecliptic is considered. 



Lesson 43. 

THE COLURES. "* 

** (Map 6.) 

The Colures are two great circles crossing at the pole$ 
of the ecUpHcy (see Lesson 24,) and passing through the 
ecliptic at right angles. One passes through the equi- 
noxes, and is thence called the Equinoctial Colure ; the 
other passes through the solstices, and is called the SolstL. 
Hal Colure. They are to the heavens what four meridi- 
ans, each 90° apart, would be to the earth. They divide 
the celestial sphere into four parts, like quartering an ap- 
ple. Two hoops of wire, crossing between the eye of the 
student and the sun, and also directly beyond the sun on 
the other side of the map, would represent the colures ^ 
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provided one passed through the map at the solstitial, and 
the other at the equinoctiu points. When once the place 
of the colures is clearly ascertained, they are very con- 
venient in finding particular stars or constellations either 
north- or south of the ecliptic. 

Lesson 44. 

ELLIPTICITT OF THE pRnETS' ORBITS. 

(Map 7.) • 

Thus far we have proceeded upon flie supposition that 
the orbits of the planets were exact circj^s, and that con- 
sequently the several planets were alwa^ at the same 
distance from the sun^ It is time now to state more defi- ^ 
nitely the true figure of their orbits. 

Fig. i represents the earth as revolving in an ellipse^ 
or oval-shaped orbit. This is its true figure ; and indeed, 
to a gre^t extent, the figure of all the planetary orbits. 
But some are more elliptical than others, and the orbits* 
of the comets, u shown in Maps 2 and 5, are more ellip- 
tical than those ..of* any of the planets. 

Not only, are tfie Orbits of the planets elliptical, but the 
sun is always found one side of the centre, or nearer one 
end of the ellipse than the other, as shown on the map. 
The point where the sun is placed is called one of theybci 
of the ellipse. 



Lesson 45. 

PERIHELION AND APHELIQN. 
(Map 7.) 

When a planet or comet is in that part of its orbit near- 
est to the sun, it is said to be at its perihelion ; and when 
at the point most distant, at its aphelion. So of the moon ; 
perigee and apogee are the points of her orbit nearest to 
and most distant from the earth. 

On the map the earth is seen at her perihelion on the 
lefti and at her aphelion on the right, the two points being 
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at very unequal distances from the sun. In stating the 
distances of the solar bodies, we sometimes give their pe- 
riheUon and aphelion, as well as their mean or average 
distances ; but in Lesson 6 the mean distances only are 
given. The following table will exhibit the longitude of 
their perihelions, respectively : 



Mercury 
Venus 

Mars 

Vesta 

Astrsea 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

Herschel 

Le Verrier 



740 


21^ 


128 


43 


99 


30 


332 


23 


249 


33 


135 


27 


53 


33 


147 


7 


121 


7 


11 


8 


89 


9 


167 


31 


299 


11 



46'^ 
53 

5 
56 
24 
54 
46 
31 

4 
35 
30 
16 
00 



Lesson 46. 



ECCENTKICITY OF THE PLANETS ORBITS. 

(Map 7.) 

The eccentricity of a planet's orbit is the distance of its 
eeiff^refrom the centre of the sun. This will be easily un- 
der^lfciJjy observing Fig. 1, where the sun is seen in the 
left-hanol^cus of the ellipse, and upon the large maps, 
about two inches from its centre. 

These two inches would, in this case, constitute the 
eccentricity of the ellipse. 

The eccentricity of the orbits of the different planets, 
is as follows : 

Mercury . . . 7,000,000 miles. 



Venus 
Earth 
Mars 
Vesta 



492,000 

1,618,000 

13,500,000 

21,000,000 



« 
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Fig.. 2 shows the position of the sun at the time of the 
equinoxes and solstices ; the manner in which his light 
strikes the earth at these times ; the zones of the earth ; 
the extent of the sun's declination, &o. 

Fig. 3 is still more full and explicit. In addition to 
wliat is contained in Fig. 2, it shows the place or decli- 
nation of the sun for every month in the year, and the 
manner in which his beam's strike the middle of both the 
temperate zones during every successive month. Take, 
for instance, the north temperate zone, at the 45th degree 
of latitude. On the 21st of December, when the sun has 
the greatest southern declination, and, as shown in Fig. 2, 
shines vertically on the tropic of Capricorn, he would 
seem to be quite low down in the south, even at noon ; 
and his rays would strike the north temperate zone quite 
obliquely, as shown in the figures. From December 
21st to June 21st the sun advancA^ towards the north, 
and the obliquity of his rays constantly diminishes. On 
the 21st of June the light falls quite obliquely on the 
southern hemisphere, where it is then winter. The two 
lines running off from the earth's surface to the lettei* Z, 
are designed to show the perpendicular and zenith of the 
45th degree of latitude ; and also how much the sun 
lacks of being directly overhead at these points, at the 
time of the solstices. 

It will be easy to see from these figures that declination 
IS to the heavens what latitude is to the earth. They may 
DC used, also, to show the use of a quadrant, and^the 
manner of determining latitude by the sunVp^ndian 
altitude, and his declination. ^^ 



Lesson 49. 

RIGHT 18CBNSI0N. 

(Map 60 

Right Ascension is distance east of the vernal equinox, 
measured on the equinoctial. 

In Lessons 33 and 34, it was shown that celestial lati. 
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tude and longitude answered to terrestrial, except that in 
the former case we reckoned from and on the ecliptic^ in- 
stead of the equinoctial. 

On the other hand, declination and right ascension re- 
fer directly to the equinoctial ; and consequently answer 
to longitude and latitude on the earth. 

The learner may here start the inquiry, Why were not 
declination and right ascension called celestial latitude 
and longitude, seeing that they refer to the celestial equa- 
tor, instead of measurements from and on the ecliptic f 
Such a question is not easily answered. This interchange 
of terms, as it may be called, is rather unfavorable to a 
ready and clear understanding of these topics. Even at 
this late period it might be a service to the science in the 
end, to call declination celestial latitude, and right ascen- 
sion celestial longitude. 

Right ascension is reckoned around on the equinoctial 
to 360°, answering to 360° of celestial longitude, only 
that one is reckoned on the equinoctial, and the other on 
the ecliptic. 



Lesson SO. 

INCLINATION OF THE AXES OF THE PLANETS TO THE 
PLANE OF THEIR RESPECTIVE ORBITS. 

(Map 8.) 

THae5l!^ pupil may fully understand this lesson, it may 
be well to recapitulate some things already learned. 

1st. The Ecliptic is described Lesson 23. 

2d. The Or^'to of the planets are described Lessons 4, 
43, and 45. 

3d. The inclination of the orUls to the plane of the 
ecliptic is the subject of Lesson 32. 

We now call attention to the inclination of the axes of 
the several planets to the plane of their orbits. 

This is a lesson of great interest and importance ; and 
although so far as the earth is concerned it has already 
been anticipated, in our remarks on the seasons, declina- 
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tion, dec, Still it opens a rich field of inquiry before the 
student, and should receive a good degree of attention. 

On the map the dotted horizontal lines represent por- 
tions of the orbits of the planets, with the exception of the 
sun, in which case they represent the plane of the ecliptic. 
The axis of each planet is seen inclined to the plane of its 
arhit at its true angle. The equators are shown by the 
double lines crossing the axes at right angles. The zones 
are distinguished by curved boundary lines, and by the 
different colors — ^the torrid zones being red, the temperate 
green, and the frigid white. 

It will readily be seen that the extent of the torrid zone 
of a planet depends altogether upon the amount of its 
polar inclination. If its axis be much inclined, as in the 
case of Venus, it will have a wide torrid zone ; but if its 
axis is but little inclined, like that of Jupiter, it will have 
a narrow torrid zone. 

The sun's declination north and south of the equator 
of each planet must be just equal to its polar inclination ; 
and as its torrid zone includes both its northern and 
southern declination, it follows that it must be twice as 
wide as the amount of its polar inclination. 

These principles will be more clearly seen by the foU 
lowing table, in which the polar inclination, greatest de- 
clination, and width of torrid zone, are compared : 





Inc. of axi& 


Declination. 


Torrid zone. 


Venus . . 
Earth . . 
Mars • . 


. 750 00^ 

. 23 28 
. 28 40 


75« 00^ 
23 28 
28 40 


ISO^OO' 
^67 20 


Jupiter . . 
Saturn • • . 
The Sun . . 


3 5 

30 00 

7 20 


3 5 
30 00 


6 10 
60 00 



Only the first part of this table need be committed to 
memory ; but the whole should be studied and compared 
with the map until its principles are fully understood. 

Of Mercury, the Asteroids, Herschel, and Le Verrier, 
nothing definite is known respecting their polar inclina- 
tion ; consequently we have no knowledge of the extent 
of their zones, or the character of their seasons. 
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Lesson SI. 

SEASONS OF THE DIFFERENT PLANETS. 

(Map 8.) 

The general philosophy of the seasons, together with 
the seasons of the earth, are already explained in Lesson 
46. The same subject will now be resumed, as it relates 
to the rest of the planets. 

The seasons of the planets depend upon two causes : 
the inclination of their axes to their respective orbits, and 
their periodic revolutions around the sun. The former 
determines the extent of their xoneSf and the latter the 
length of their seasons. 

The effects df polar inclination are seen in the contrast 
presented by Venus and Jupiter. Venus, with a polar 
inclination of 73°, has a torrid zone 150o wide ; while 
Jupiter, whose axis is inclined but 3° b^, has a torrid zone 
only 6° 10^ wide. After the statement of these general 
principles, we shall proceed briefly to notice the seasons 
of the several planets. 

It might be well, however, for the student to turn back to 
Lesson 46, and review it in connection with this map. 
Especially let him examine the figure of the earth and 
her zones with a view to the obliquity of the ecliptic, ex* 
plained in Lesson 25, Call to mind also the subject of 
thocAun's declination, Lesson 47, and the difi^rence be- 
tween re^rring to the ecliptic, as in celestial latitude and 
longitude, and to the equinoctial, as in right ascension and 
decliniition« See Lessons 33, 34, 47, and 48. 

Lesson $3. 

SEASONS OF VENXrS. 

(Map 8.) 

The tropics of Venus are 75° from her equator, and 
within 15° of her poles. She has no frigid zone, or polar 

6* 
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circles. Her periodic time being oaly 225 days, (Lesson 
18,) the sun passes in that short time from her northern 
solstice through her equinox to her southern solstice, and 
back to the point from which he started. So great is the 
sun's declination on Venus, that when he is over one of 
her tropics, it is winter not only at the other tropic, but 
also at her equator ; and as the sun passes over from 
tropic to tropic, and back again every 225 days, making 
spring at the equator as he approaches it, summer as he 
passes over it, autumn as he declines from it, and winter 
when he reaches the tropic ; it follows that at her equator 
Venus has eight seasons in one of her years ; or in 225 of 
our days. Her seasons, therefore, at her equator, consist 
of only about four weeks of our time, or 28^ days ; and 
from the heat of summer to the cold of winter can be only 
about 56 days. At her tropics she has only four seasons 
of 56 days each. 

At first view it might appear to the reader that such 
an arrangement must be fatal to all vegetable life, espe- 
cially at Venus's equator ; but it should be remembered 
that He who inclined the axis of Venus to her orbit, and 
prescribed her periodic time, could as easily clothe her 
with vegetation of a month's growth, as with that requir- 
ing the lifetime of the oak or the cypress to bring it to 
perfection. 

Lesson S3. 

SEASONS OF MARS. ^ 

(Map 8.) ^ 

The polar inclination and zones of Mars are very 
similar to those of the earth ; but owing to the difference 
of his periodic time, his seasons are very different from 
ours. His year of 687 days is divided into four seasons 
of about 172 days each, or nearly twice the length of the 
seasons of the earth. 

His polar inclination is 5^ 12^ greater than that of the 
earth; making his torrid zone wider, and his polar 
circles greater than ours ; while his temperate zones are 
somewhat narrower. 
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Lesson S4L. 

SEASONS OP JVFITKS. 

(Map 8.) 

So slight is the inclination of Jupiter's axis to his 
orbit, that it afibrds him but a very narrow torrid zone. 
The inclination of his orbit to the ecliptic is but 1^ 15^, 
and his axis is inclined to his orbit but 3<^ &" ; so that his 
axis is nearly perpendicular to the ecliptic. The sun 
never departs more than 3^ ^ from his equator, and still, 
as his periodic time is about 12 years, (Lesson 18,) he 
has alternately six years of northern and six of southern 
declination. His narrow torrid zone and small polar 
circles leave very extensive temperate zones. In pass- 
ing from his equator to his poles, we meet every variety 
of climate, from the warmest to the coldest, with but 
slight variations in any latitude, from age to age. His 
days and nights are always nearly of the same length, as 
the sun is always near his equinoctial. His poles have, 
alternately, six years day and six years night. 

In connection with the above facts, it may be well to 
associate the amount of Ught received by this planet ; his 
magnitude ; his oblaU fgure ; his rapid rotation upon his 
axis ; and his distance from the sun. The student can- 
not too oflen call up the facts already learned, as he ad- 
vances from lesson to lesson. In this way he will soon 
be able to^state the most interesting particulars respecting 
each of the solar bodies. 

Lesson &&. 

SEASONS OF SATUSN. 

(Map 8.) 

The polar inclination and zones of Saturn differ but 
little from those of Mars ; but his seasons are greatly 
modified by the length of his periodic time. This being 
about 30 years, his four seasons must each be about 7^ 
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years loDg ; and his polar regions must have, alternately, 
15 years day, and 15 years night. 

The Rings of Saturn which lie in the plane of his 
equator, and revolve every 10^ hours, are crossed hy the 
sun when he crosses the equinoctial of the planet. 
During the southern declination of the sun, which lasts 
fifteen years, the south side of the rings is enlightened, 
and has its summer. It has also its day and night, by 
revolving in a portion of the planet's shadow. 

When the sun is at the southern tropic, it is midsum- 
mer on the south side of the rings ; as the rays of light 
then fall most directly upon them. As the sun ap- 
proaches the equator, the temperature decreases, till h^ 
crosses the equinoctial, and the long winter of fifleen 
years begins. At the same time the north side of the 
rings begins to have its spring ; summer ensues, and in 
turn it has fifteen years of light and heat. 

The Rings of Saturn will be turned directly towards 
the earth, about the middle of September, 1849; at 
which time the light of the sun w^l extend to both poles 
of the planet. Of course Saturn is then at one of his 
equinaxes. Seven and a half years afler, he will reach one 
of his solstices — his rings, as seen, will appear fully ex- 
panded from the earth, — ^the sun will have his greatest pos- 
sible declination from Saturn's equinoctial, and it will be 
winter at one of his poles, and summer at the other. 
In seven and a half years longer, he will reach his other 
equinoctial point, and his rings will be invisible again. 
Saturn's Rings will be invisible from the 22d of April, 
1848, until January 10th, 1849; excepting that they 
may be seen from the Sd to the 12th of September, 1648. 

Of the seasons of Saturn, and the structure, dimen- 
sions, and uses of his wonderful rings, we shall remark 
further hereafter in a distinct lesson, in connection with 
Map 11. 

From Map 8 and the foregoing remarks, it must be 
obvious to the learner that cold and heat, winter and sum- 
mer, <* seed-time and harvest," are not peculiar to our 
globe, but are characteristic of every world with which 
we are to any considerable extent acquainted. 
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Lesson SO. 

CONJUNCTIONS AND OPPOSITION OF PLANETS. 

(Map 9.) 

When any two or more of the solar bodies are found 
m tke same longUudef they are said to be in conjunction. 
Fig. 1 represents the Sun in the centre, and Venus, the 
Earth, and Mars, at different points in their orbits. If 
the Earth was at D, and Venus at I or S, she would be 
in conjunction with the Sun, both appearing to be at a 
point between ^ and 11, or according to JVlap 0, in the 
60th degree of longitude. 

The interior planets have two conjunctions ; the tnfe' 
rior conjunction, when between the earth and the sun, as 
at I ; and the superior conjunction, when beyond the sun, 
as at S. At the superior conjunction the enlightened 
side of the planet is towards the earth ; and at her infe- 
rior, the dark side. « 

When at her superior conjunction, Venus is 154 mil. 
lions of miles from the earth, but when at her inferior 
conjunction, she is only 26 millions of miles distant. The 
reason for this great difference will be seen by a glance 
at the map ; which shows her the whole diameter of her 
orbit farther off when at S than at I. 

The exterior planets have a superior conjunction, as 
Mars at N ; but they can never get between the earth 
and the sun to form an inferior conjunction. When, 
therefore, ^a planet gets in the same longitude as the 
earth, like Mars at F, it is said to be in opposition. 

A planet in conjunction rises and sets nearly with the 
Bun ; but one in opposition rises when he sets, and sets 
when he rises. 

The position of planets with respect to each other is 
sometimes represented by an astronomical sign. Thus 6 
denotes conjunction, and 8 opposition. 

Lesson 32 shows the orbit of Venus to be inclined to 
that of the earth at an angle of 3^P ; hence as one half 
of her orbit is above the ecliptic, and the othei half below^ 
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she will always appear either above or below the sun 
when in conjunction, except when she is at one of her 
nodes; in which case she will appear to pass over the 
sun's disc, as represented in the figure. See Lesson 81. 



Lesson 57. 

SIDEREAL AND SYNODIC REVOLUTIONS. 

(Map 9.) 

The sidereal or periodic revolution of a planet is its 
passage from any particular point in its orbit, around to 
the same point again. 

A synodic revolution is one extending from either an 
inferior or superior conjunction to the same conjunction 
again. It is therefore considerably more than one com- 
plete revolution around the sun. 

Por example : were the earth stationary at D, the su- 
perior conjunction of Venus would happen 112^ days af- 
ter her inferior conjunction ; or in just half her periodic 
time ; but as both are in motion in the same direction, one 
revolving in 365 days, and the other in 225, it is obvious 
that when Venus reaches the point I, the earth will be 
far behind ; and when the earth reaches D, Venus will 
have advanced to M in her second round ; and will then 
have to overtake the earth before an inferior conjunction 
can be effected. This will occur when the earth reaches 
the point L in her second round. 

From one inferior conjunction to another is%94 days ; 
requiring about 2} revolutions of Venus, and nearly 1^ 
revolutions of the earth. 

The periodic times of the planets were given in Les- 
son 18 ; but for the sake of a better understanding of the 
subject, the sidereal and synodic periods will here be 
given in connection. They are as follows : 

Sidereal. Synodic. 

Mercury ... 88 days. - 115 days. 
Venus • - . 225 " - 594 «* 
Earth - - - 305 « . 366 « 
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Mars - 
Vesta - 
Astrsa 
Juno - 
Ceres - 
Pallas - 
Jupiter 
Saturn 
Herschel 
Le Verrier 



9 



Sidereal. 

1 year — 322 days. 

9 a 230 " 

105 " 

131 " 

222 « 

222 " 

11 « 317 " 

29 « 175 « 

84 « " 

217 " 119 " 



Synodic. 

780 days. 

503 " 

476 « 

474 " 

466 " 

466 " 

399 « 

378 " 
361 
366i 



\9l " 



This is an interesting table, and may be studied for 
some time by the more advanced student to great advan- 
tage. He may imagine Mercury hurrying round to his 
starting-point in 88 days, and in 27 more overtaking the 
earth, even before she has performed one-third of her an- 
nual journey. 

The periodic time of Mars being nearly double that of 
the earth, his synodic period is but little over two years. 
By subtracting the earth's period from the synodic period 
of the rest of the planets, the remainder will show how 
long the earth is in overtaking the exterior planets re- 
spectively, after she has completed one revolution. Thus, 
the synodic time of Vesta is 503 days. In 365 days the 
earth completes one revolution, and reaches the point from 
which she set out. Vesta is then 365 days ahead of the 
earth, but moving at a four years' pace ; so that in 138 
days the earth overtakes her, and they are again in con- 
junction. In the case of Jupiter, Saturn, &c., k re- 
quires stiA less time. Their periods are long, and they 
move slowly in longitude ; so that when the earth has 
completed a period, they are but a short distance in ad- 
vance, or to the east of her, and she soon overtakes them. 
By subtracting, it will be seen that the time required is, 
for Jupiter, 34 days ; for Saturn, 13 days ; for Herschel, 
4^ days ; and for Le Verrier only 1} days. . Map 2 
might be serviceable in illustrating this subject, so far as 
relates to the exterior planets. 

The learner must not forget thatrtfie exterior planets 
have but one conjunction, while the interior have two ; 
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and that in the preceding table the time is given from one 
conjunction to another of the same kind. The opposite 
conjunction occurs in just half the synodic period. 

Lesson SS. 

ELONGATIONS OF A PLANET. 
(Map 9.) 

The elongation of an interior planet is its angular dis- 
tance east or west of the sun, according as it follows or 
precedes him. The greatest elongation of Venus is 48°, 
and that of Mercury only 29°. 

But these alternate elongations east and west are not 
always the same. Those of Mercury vary from 16^ 12^ 
to 28° 48"^ ; while those of Venus vary much less. E 
and W, on the map, mark the positions of Venus at the 
time of her greatest elongation. 

From the above facts several other important conclusions 
are deduced. The first is, that the orbits of Mercury and 
Venus are vnthin that of the earth. If it were not so, 
they would depart farther from the sun, and sometimes 
appear in opposition to that lun^nary. In the second 
place, they show that the orbit of Mercury is within that 
of Venus ; otherwise his elongation would equal or ex- 
ceed that of Venus. Thirdly, they show the ellipticity 
of the orbits of Mercury and Venus. If their orbits wer« 
complete circles, their greatest elongation would always 
be the same ; but as it varies, it proves that tfai;y are not 
always at the same actual distance from the sun, or, in 
other words, that their orbits are more or less elliptical. 

* 

Lesson 59. 

WHEN PLANETS ARE SAID TO BE STATIONARY. 

(Map 9.) 

For a short time, while at or near their greatest elon- 
gation, the interior planets seem neither to recede from, 
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nor approach towards, the sun. They are then said to 
be gtationary. These periods are just before and just after 
an inferior conjunction. They are represented in Fig. 1 
at B and W. At E the planet would be coming ioward$ 
the earth, and at W going from if. 



Lesson 60. 

DIRECT AND RETROGRADE MOTIONS. 

(Map 9.) 

It was stated in Lesson 18, that the planets revolved in 
their orbits from west to east, or in the order of the signs. 
Bui they do not always appear to maintain this order. 
At times they advance regularly through the signs, and 
again retrace their course. Hence the distinction of di- 
reel and retrograde motions. Direct motion is from west 
to east ; retrograde is from east to west. 

The general course of the planets is eastward, their 
retrogression being but for a short time, when the direct 
course is again resumed. 

The cause of this seeming irregularity will appear by 
again consulting Fig. 1. The signs will be seen marked 
T, b, n, &c., on the right and left sides of the map, and 
may be imagined around the whole figure. When Venus 
is at W, she would seem, to an observer on the earth, to 
be in ^, in the signs of the upper figure. As she passed 
on in the direction of the arrows, from W to E, her motion 
would be %]irect, »and she would seem to pass through 
T, b , n, S, and into SI ; but in passing from E to W 
she would seem to fall back through 2d, II, &c. These 
are her direct and retrograde motions. 

But the amount of apparent retrogression is greatly 
reduced by the motion of the earth in the same direction ; 
as for instance, if the earth advances only from D to the 
lower hand (OCT) during a revolution of Venus, she would 
not retrograde beyond the beginning of ^. 

The above principles are as applicable to Mercury as 
to Venus. 

7 
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Lesson 61. 

EETEOGRADB MOTIONS OF THE EXTERIOR FLANETS. 

(Map 9.) 

The apparent retrogression of the exterior planets is 
etfected in a manner somewhat different from that of the 
interior planets. 

Suppose the earth at A, and Mars at B ; he would be 
seen among the stars at C. As the earth gains upon 
Mars, and reaches the point D, Mars, being at F, would be 
seen at G, or west of where he was first seen. When 
the earth reaches H, and Mars is only at J, he will be 
seen at K ; or M>me 15^ back, or west, of his first appa- 
rent position. 

The part of the great circle of the heavens through 
which a planet seekiis to retrograde, is called its arc of 
retrogradation. In the figure it is the arc of the circle 
between C and K. 

The following table will show the arc of retrograde 



and also t 


,he time o 


if retrogression in 


days : — 


Mercury 

Venus 


- 


- 


Arc. 
13^0 
16 


Dmyt. 

23 
42 


Earth 


. 








Mars 


m m 




16 


78 


Vesta 


m 




13 


83 


AstrsBa 


m m 




12 


99 


Juno 


m m 




12 


•99 


Ceres 


m 




12 


99 


Pallas 


» • 




12 


99 


Jupiter 
Saturn 


- 




10 
6 


121 
139 


Herschel 


• m 




4 


151 


Le Verrier 




. 1 


180 



Here it may be interesting to observe, that the more 
distant the exterior planet the less its arc of retrograda- 
tion, and the longer its time. The reason for this may be 
illustrated by the map. Fig. 1. Suppose Mars at F to 
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represent Herschel. Now as his year consists of eighty- 
four of our years, it follows that the earth would pass him 
eighty -three times during one of his revolutions ; and that 
during a revolution of the earth he would pass through 
only Jjih part of his orbit ; or about &J°. The planet 
P would thence seem to retrograde slowly on the ecliptic 
nearly half the year ; or while the earth was passing from 
A to H on the map. 

For the same reasons the arc would be still less, and 
the time of retrogression still longer in the case of Le 
Verrier. The more distant the planet is from the earth's 
orbit, the smaller the angle which will be necessary to 
include that orbit ; and the less the arc of retrogradation 
described by the planet on the concave of the heavens* 

Lesson 63. 

YENUS AS MORNING AND EVENING STAR. 

(Map 9.) 

** Next Mercury, Venus runs her larger round, 
With softer beams and milder glory crown'd ; 
Friend to mankind, she glitters from afar, 
Now the bright evenings now the morning star. 
From realms remote she darts her pleasing ra/, 
Now leading on, now closing up the day ; 
Term'd Phosphor when her morning beam? she yieldi. 
And Hesperus when her ray the evening gilds." 

It has been seen that in making her revolutions, Venus 
is sometimes Bast and sometimes West of the sun. From 
her inferior to her superior conjunction she is west of the 
sun ; and from her superior to her inferior conjunction 
east of him. Now it is obvious that when she is west of 
the sun she will go down before him, and cannot be seen 
in the west after sunset ; but if she sets before the sun 
she will rise before him, and can be seen in the east be- 
fore sunrise. When, therefore, Venus is west of the sun :;i 
she IS morning star. When she is east of the sun stHK'^il 
rises afle^ the sun, and may be seen above the horizon in . 
the west, after the sun is set. . She is then evening star. 
The ancients supposed these were two different stars. 
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calling the first Phoiphor, and the other, jETe^pfru^. Venus 
is alternately one or the other about 292 days. For 146 
days after her superior conjunction she lingers farther and 
further behind the sun, in the west, till she reaches her 
greatest eastern elongation. She then seems to approach 
the sun again for 146 days, when she passes her inferior 
oonj unction, and becomes morning star. Afler this she 
rises more and more in advance of the sun for 146 days, 
irhen, having reached her greatest toestem elongation, she 
begins to fall back again t<}wards the sun, and in 140 
days is at her superior conjunction. This passed, she is 
again evening star. ^.^ 

Fig. 2 is designed fully to illustrate all that may yet 
•eem obscure to the learner. From W to E wil^repre- 
sent her direct motion, in the order of the signs. • From 
£ around to W again shows her retrograde motion. S 
and I mark her superior and inferior conjunctions ; and 
the -appearance of a transit is represented on the sun's 
disc. 

By imagining the sun and Venus as represented in the 
figure, to rise in the east and pass over to the west, the 
student will see that if Venus were at W she would he 
morning star, and at her gr^eatest elongation ; but if at B 
she would be evening star, 6sc. It would be a usefbl 
exercise to observe the exact position of Venus in the% 
heavens, at the time of studying these lessons, and then 
point out that position on the map. 



Lesson BS. "" 

PHASES OF MS&CVKT AND VENUS. 

(Map 9.) 

As Mercury and Venus are opaque bodies, like our 
earth, only those portions of their surface appearing 
bright whioh are enlightened by the sun ; aVid as their 
enlightened sides are turned towards us, little by little, 
they present, when seen through a telescope, all the dil^ 
ferent appearances or phases ofthe moon. 
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Fig. 2 represents Venus in her orbit, and exhibiting 
all her difierent phases, in the course of her revolution. 
At I, her inferior conjunction, her dark side is towards 
us, and her enlightened side invisible. ^ As she passes 
from I to W, and so on round to S, we see more and 
more of her enlightened side, till her whole illuminated 
disc h in view. From her superior to her inferior con- 
junction she continues to wane, till her dark side is again 
turned directly towards the earth. 

Although when at S, her whole enlightened hemi- 
sphere is towards the earth, still she is less brilliant than 
when at '£ and W ; owing . to her increased disttince 
from us, and her being, apparently, in the neighborhood 
of the sun. 

It will be seen that Venus is the whole diameter of 
her orbit nearer to us, at her Inferior conjunction, than 
at her superior; and as her mean distance -from the sun 
is 69 millions of miles, her distance from the earth must 
vary to the extent of twice that amqunt, or the whole 
diameter of her orbit, which is 138 millions of miles. It 
is not strange, therefore, that her apparent magnitude 
undergoes sensible variations between her conjunctions. 



Lesson 64# 

TELESCOPIC VIEWS OF THE PLANETS. 

^ (Map lO.) 

Although in the preceding lessons we have frequently 
alluded to the appearance of some of the planets, when 
seen through a telescope, it is thought important to de- 
scribe those appearances more in detail ; and to illustrate 
the descriptions by appropriate engravings. This is the 
object of Map 10. 

Before any particular planet is noticed, it may be well 
to state a few general facts respecting these primary 
bodies. 

I. They all have the same general /gure, namely, 
that of spheres or spheroids. 

7* 



78 TELESCOPIC VIEWS OP THE PLANETS. 

2. They all seem to be surrounded by an atmotphert^ 
of greater or less density and extent. 

3. The spots or belts seen upon their surfaces from 
time to time, by difierent observers, seem to be in the 
main permanent, and indicative of large divisions of land 
and water, like our continents and seas. 

With these preliminaries, they will now be taken up 
and considered in order. 

MERCURY. 

" Of Mercury," says Dr. Herschel, '' we can see 
little more than that it is round, and exhibits phases. It 
is too small, and too much lost in the neighborhood of the 
sun, to allow us to make out more of its character." But 
this is not the opinion of every observer. Mr. Schroeter, 
an eminent German astronomer, assures us that he has 
not only seen spots on the surface of Mercury, but also 
mounUanSy the height of two of which he actually meas- 
ured. They were situated in the southern hemisphere 
of the planet, and the highest was found to be nearly 
eleven miles in height. 

Numbers 1 and 2 on the map, are representations of 
Mercury. The spots supposed to have been seen by 
Schroeter, are represented on his disc, and he has a faint 
bluish tint as when seen through a telescope. As else- 
where stated, he exhibits the different phases of the moon 
during his synodic journey around the sun. 

VENUS. ^ 

The figures from 3 to 12 inclusive, are telescopio 
views of Venus* As a whole they represent her various 
phases^ as already explained in Lesson 63 ; and il. 
lustrated by the lower figures of Map 9. Figures 3, 4, 
11, and 12, show her horned, as when near her inferior 
conjunction. Figures f} and 10 show her as she appears 
when at her greatest elongation ; 6 and 9 as gibbous^ 
between her greatest elongation and superior conjunc- 
tion ; and 7 and 8 as she appears at her superior conjunc- 
tion. 

These ten views present a great variety, as it respects 
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the spots that appear upon the surface of the planet. 
They seem not only to vary in /orw, but also in their 
number. It may be proper, therefore, to state that these 
views were not all had by the same person, nor during 
the same period of time. 

Fig. 8 is a view by Sckroeier, in 1791. 
Fig. 4 " Bianchini, in 1726. 

Fig. 5 « Cassini, in 1667. 

Fig. 6 " « in 1666. 

Figures 7 and 8 represent the face of the planet, as it 
is supposed she would have appeared, at the time of 
some of the other views, had her whole hemisphere been 
enlightened. It will be seen that each of these figures 
combine two other views. 

Fig. 9 is a view by Schroeter, in 1790. 

Fig. 10 is a view often had by the celebrated Dr. Dick. 

Figures 11 and 12 are repetitions of former views, with 
the crescent inverted, in order to illustrate the subject of 
Venus's phases. 

The surface of Venus is variegated with mountains, 
some of which are estimated to be over twenty miles in 
height. Three elevations have been estimated at 10|, 



111, and 19 miles, respectively. 
Tl 



'he atmosphere of Venus is supposed to surround her 
to the depth of only about three miles ; but it is supposed 
to be very dense. 

The color of Venus is a silvery wMte. When at her 
greatest ^ongation, she is sufficiently bright to cause a 
perceptible shadow if her light is intercepted. 

THE EARTH. 

That the learner may know the grounds of the infer- 
ences drawn from the telescopic appearances of the plan- 
ets, in regard to their geography, or their great natural 
divisions, as continents, seas, &c., we present him at 
No. 13 with a telescopic view of the Earth, Let him 
imagine himself placed upon Mercury, for instance, with 
a good telescope, observing our planet. At the time of 
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her opposition she would appearyuZZ from Mercury. The 
continents and islands would appear brighter than the 
rest of her disc ; as they would reflect a stronger light 
than oceans, seas, and lakes. By watching these spots 
they would be found to cross the earth's disc in 12 hours, 
from which the observer would infer, that our globe re- 
volved on her axis in 24 hours ; and from the direction of 
the spots he would deduce the inclination of her axis to 
the plane of her orbit. 

From the passage of clouds over her surface, and other 
phenomena, it would be inferred that the earth had an 
atmosphere^ and the difierent zones, and the changes of 
the seasons, might present a variety of colors to the celes- 
tial observer^ 

To a person on one of the exterior planets, the earth 
would present all the phases of the moon. 

The study of geography has no doubt made the learner 
familiar with the figures of the continents, islands, <Sz;c., 
upon the earth's surface ; but if he can divest himself 
for a moment of all particular knowledge of our globe, and 
contemplate her from a distance, as a planet^ with what new 
and surprising interest does it invest her ! She not only 
becomes one of a class, from which we may reason analo- 
gically respecting the physical constitutions and design 
of other worlds ; but while we look with wonder upon the 
planetary orbs, and long to know more of their physical 
structure, we look upon the earth as the only orb which 
we are allowed to visit, and with whose history an^i pecu- 
liarities toe may now become acquainted, ^id as the 
student surveys the whole Western hemisphere, let him 
inquire, " What is man .'" What is a city, an empire, or 
a tDorld, in the great universe of the Almighty ? 

MARS. 

The figures from 14 to 28 inclusive are representations 
of Mars, The first two, namely 14 and 15, are views by 
Cassini, as Ions ago as 1610. They are copied from a 
volume of the Transactions of the Royal Society of Lon- 
don. Figures 16 and 17 represent views had by Maraldi, 
a celebrated French astronomer, in 1704. Figures 18 
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and 19 represent the appearance of the spots on Mars, as 
seen by Dr. Hook in 1666, from a drawing made at the 
time by him. Figures 20 and 21 represent views by Sir 
William Herschel, previous to 1784. Fig. 22 is a view 
by Sir John Herschel, as copied by Nichol in his <* Solar 
System," and by several other astronomical writers. 
Fig. 23 is a view by Dr. Dick, in 1832, and also in 1837. 
It is copied, as several of the above are, from his '* Celes- 
tial Scenery.'* 

It may seem impossible to the learner that all this 
variety in appearance could be produced by permanent 
objects on the surface of the planets ; but let him remem- 
bar that the map of Mars, which he is studying, is drawn 
upon a sphere ; and that the revolutions of a planet would 
necessarily produce a constant change, not only in the 
general appearance, but also in the apparent form of the 
spots. 

The bright spot on the upper end of Fig. 22, at the 
planet's north pole, is supposed to be the reflection of light 
from snow and ice. This supposition is rendered probable 
by the fact that the spot disappears as the north pole of 
the planet is turned towards the sun, and returns again 
with the departure of the direct rays of the sun, and the 
return of winter. 

The surface of Mars is variegated with oceans, seas, 
and continents, with mountains and vales, like all the 
rest of the planetary bodies. '* On this planet," says Dr. 
Hersckel, " we discern, with perfect distinctness, the out- 
lines oSL^at may be continents and seas." The cele. 
brated Mmler, of Berlin, constructed a complete map of 
the surface of Mars, with accurate delineations of its great 
natural divisions, as one would draw an outline map of 
the world from an artificial globe. 

The cohr of Mars is red, owing, it is supposed, to the 
density of his atmosphere, which may color the whole 
scene, as clduds put on a gorgeous crimson in the mom- 
ing or evening sky. This color is not merely telescopic : 
it is the natural color of the planet as seen by the naked 
eye ; and by it he may easily be distinguished from the 
fixed stars. 
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THE ASTEROIDS. 

Of the Asteroids very little is known, on account of 
their distance and their diminutive size. A thin haze, or 
nebulous envelope, has been observed around Pallas, sup- 
posed to indicate an extensive atmosphere ; but no spots 
or other phenomena have ever been detected. It is hoped 
that if ever Lord Rosse returns from examining the dis- 
tant nebulsB, he will give us some new light respecting 
the bodies of the Solar System. 

The Asteroids are never visible to the naked eye. 
Through a telescope they have a pale ash color, with the 
exception of Ceres, which in color resembles Mars. 

JUPITER. 

Fig. 24 is a representation of Jupiter^ — ^the prince of 
planets. His natural color is a palish yellow. His belts 
are seen where they are usually found, namely, on each 
side of his equator, or in his temperate zones. The map 
shows his Qblateform, or the difference between his polar 
and equatorial diameter. 

What the belts of Jupiter are is uncertain. "They 
are generally supposed to be nothing more than atmo- 
spherical phenomena^ resulting from, or combined with, the 
rapid motion of the planet upon its axis." In number they 
vary from one to eight. Sometimes they continue with- 
out change for months, and at other times break up and 
change their forms in a few hours. Dark spots are also 
frequently seen in these belts, one of which was *^nown 
to maintain the same position for upwards of foi^ -years. 

Lesson 65. 

TBLSSCOPIC VIEWS OF SATURN. 

(Maps lOand 11.) 

Fig. 25, Map 10, is a telescopic view of Saturn with 
his belts and rings. The belts resemble those of Jupiter, 
already described. His rings will be noticed in connec- 
tion with Map 11, to which the student is referred. The 
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body of Saturn is of a lead color — ^the rings a silvery 
white. 

Before the invention of the Telescope, Saturn was 
known only as a distant planet, devoid of that special in- 
terest with which modern discoveries have invested him. 
But since, the powers of that wonderful instrument have 
been brought to bear upon him, he has assumed new and 
resplendent glories, and now stands forth to view as gne 
of the most interesting objects in the gorgeous heavens. 

Though we have no room in this treatise to describe 
the different kinds of telescopes, or to detail their history, 
we propose, nevertheless, to give some idea of their improve- 
menif by tracing the successive steps by which we have 
arrived at our present knowledge of the planet Saturn. 

The figures arranged across the top of Map 11 are 
representations of a variety of telescopic views of Saturn, 
by different observers, during a period of 45 years ; or 
from 1610 to 1655. The variety in these appearances is 
probably owing more to the various qualities of the tele- 
scopes used, and their general imperfection at that early 
period, than to any other cause. 

Fig. 1 is a view, had by Galileo^ the inventor of the 
telescope, in the year 1610. He supposed there were two 
large satellites at equal distances from the body of Saturn. 

Fig. 2 represents him as he appeared to Scheiner in 1614. 

Fig. 3 is a view by Riccioli, in 1640. With the excep- 
tion of the convexity towards the body of Saturn, the figure 
is a p|etty correct one so far as the rings were traceable. 

Fig^A^represents Saturn as he appeared to HelveUus 
in 1643!^ 

Fig. 5 is another view by Helvetius, in 1649. The 
rings were now traced much farther than ever before, and 
their existence <is rings was considered highly probable. 

Fig. 6 is a third, and still better view, by the same ob- 
server, in 1650. 

Fig. 7 represents a fourth view by Helvetius, in 1650. 

Fig. 8 is a most accurate and enchanting view had by 
Riccioli in 1651. It shows the rings of Saturn as they 
are often seen in our own times, through telescopes of ' 
moderate power. The remaining four representations, 
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as they occur on the map, were all had in 1655 : the first 
by Foniani; the second by Divini; the third byBiccioU; 
and the fourth hy Gassendus. 

The real appearance of Saturn, as seen through a 
common and cheap telescope, is well represented at A or 
B, immediately under the above views, with the exception 
of the opening between the rings. We have often seen 
nim as here represented, — and with the belts across his 
disc as shown in Map 10, — and that, too, with an ordinary 
refracting telescope ; but in earlier periods in the history 
of the science, such views were denied even to the most 
wealthy, devoted, and profound astronomers. 

But this wonderful planet does not present the same 
appearance at all times, even with the aid of the best 
glasses. Indeed, the better the instrument the more 
perceptible his variations. In the course of 80 years, 
the time of his periodic revolution, he presents all the 
different phases shown at Fig. 3, from A to H. At one 
time the rings are entirely invisible, except as a dark 
stripe across the body of the planet, as seen at A. About 
3f years aflerwards the rings appear slightly opened, as 
at B ; and in 3|^ years more they appear as at C, &c 

These different phases are all accounted for by Fig. 2. 
Here the sun is seen in his place in the centre, and the 
earth and Saturn in their orbits, as they may be supposed 
to appear to a beholder at a distance, and elevated some- 
what above the plane of the ecliptic. This diagram may 
be used to illustrate a variety of principles. ^ 

1. It shows how the axis of Saturn (as well^iXhat of 
the earth, ^c.) preserves its parallelism in all pirts of its 
orbit, and from age to age. 

2. It illustrates the subject of his seasons, as partially 
explained ii) Lesson 55 ; and shows how the sun must 
shine on one side of his rings 15 years, and on the other 
15 years. At A the light falls directly on the edge of 
the rings ; but as soon as he passes that equinoctial point, 
the sun shines upon the lower or xouMem side of the rings, 
and continues to do so till the planet reaches its other 
equinox at E. Here the light crosses over to the upper 
or north side of the rings, upon which it continues for the 
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next 15 years; or till the planet passes round to A 
again. 

3. It shows that the Equinoxes and Solstices are by no 
means peculiar to the earth — ^they belong to all the plan- 
etary bodies. In the figure, A and E are the equinoctial^ 
and C and G the solstitial points. 

4. The learner should test himself by this figure to see 
if he fully understands the subject of the sun^s declination^ 
as explained in Lesson 48. 

5. As before said, this view of Saturn in his orbit ac- 
counts for all his different phases during his periodic 
journey, as shown at Fig. 8. Let the student suppose 
himself on the earth, where he really is, and watching 
Saturn in his course ; and he will find that the rings must 
necessarily present all the variety in appearance which 
is seen in Fig. 3, as well as every intermediate degree of 
contraction and expansion. 

Let this explanation be traced through. Take any 
particular position of Saturn, or take them in order, be- 
ginning at A, and it will be found that the view denoted 
by the corresponding letter in Fig. 3 must be the ap- 
pearance from the earth, as she comes round between 
Saturn and the sun. At C the rings are thrown up, and 
hide the upper edge of the planet ; while at G they seem 
inclined the other way, and the planet hides the upper 
edge of the rings, <S£C. 

6. This diagram shows why we cannot see Saturn at 
all tiil^ in the year. Suppose him to be at C, for in- 
stance^^l^the first of January, and the earth on the same 
side of h^ orbit ; of course he would be directly over- 
head, or rather on the meridian, at midnight, and might 
therefor^ easily be seen for six hours preceding, and six 
following that hour. In six mont^ from that time, or by 
the first of July, the earth will have passed round to the 
point opposite G ; but as Saturn has moved but a short 
distance apparently in his orbit, he will not only be above 
the horizon in the daytime, but nearly in conjunction with 
the sun. He must therefore be invisible till the earth 
again gets around where Saturn will be comparatively in 
opposition, or on the dark side of the earth. 

b 
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Lesson 66« 

DIMEKlSIONS, STRUCTURE, AND USES OF SATURN's RINGS. 

(Map 11.) 

Diameter of the planet - 
Distance to the interior ring - 
Width of the interior ring 
Opening between the rings - 
Width of the exterior ring ^ 
External diameter of the Outer ring 
Thickness of the rings ... 

Fig. 4 on the map is a vertical view of the rings of 
Saturn, or such as an observer would have if he were 
situated directly over either pole of the planet, and at a 
considerable distance from it. The opening between the 
rings, and between the planet and the rings, would then 
be visible all round, and of uniform width. Through 
these openings the stars would be as distinct as in any 
other portion of the celestial sphere ; hence we have 
so represented in the figure. 

Fig. 5 is a view of the rings as they would appear to 
an observer situated upon the body of the planet itself, 
and about half way from his equator to his north pole. 
This is a summer view, of course, as the rings are en- 
lightened ; whereas during winter in the northerf hemi. 
sphere the rings would look dark, like the daj^^art of a 
new moon. 

Under this gorgeous arch may be seen a portion of the 
planet's surface. On the right is a new moarij and on 
the left B.fuU moon, both in view at the same time, one in 
the west and ther. other in the east. On the left, and 
crossing the rings, may be seen the shadow of Saturn, 
gradually ascending the arch as the night advances, till 
it reaches the zenith at midnight, and disappears in. the 
west at the approach of day. 

Fig. 6 is a similar view from the body of Saturn, the 
observer being located at a distance from the equator, or 
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near his pole on the planet's surface. The arch would 
then appear low down in the south, and also more narrow 
and slender ; and a much Smaller portion of the rings 
would appear above the horizon. The following particu- 
lars may conclude this interesting lesson. 

1. By observing the motion of certain spots or in. 
equalities in the rings of Saturn, it has been ascertained 
that they revolve around the planet in lOj- hours ; or in 
the time of his diurnal revolution, (Lesison 21.) 

2. That the rings are solid maUer^ like the body of 
Saturn, seems evident from the fact that they reflect the 
light of the sun very strongly, and cast a deep shadow 
upon the planet's surface. 

3. Stars have sometimes been seen between the inner 
and outer rings, which proves them to be actually 
separated. 

4. Of the uses of these wonderful rings it is sufficient 
to say that they serve as so many reflectors to the pUnet ; 
and being only about i^ part as distant as our moon, 
and of such vast magnitude, they must tend greatly to 
modify the climate of the planet, by contributing to the 
light and heat of his summer evenings. During the 
winter in each hemisphere, the rings cast a shadow, and 
increase the intensity of the cold. 

HERSCHSL. 

Up8k this distant orb no spots have ever yet been dis* 
covereol^^t is supposed to be surrounded by an atmo- 
sphere ; Dul even this is not certain. Through a telescope 
*< we see nothing but a small, round, uniformly illuminated 
disc, without rings, belts, or discernible spots." It is of 
a pale ash color. 

LS VERRIER. 

Very little is known as yet of this new member of the 
solar family. We have therefore attempted no jrepresenta* 
tion of its telescopic appearance upon the map. By the 
following letter, however, copied from the London TimeSf 



88 TBLESCOPIC VIEWS OF LE YERBIER. 

it appears that Le Verrier also may be adorned with a 

suit of gorgeous rings : 

Starfibld, Liverpool, Oct 12, 1846. 

On the 3d instant, whilst viewing this object with my 
large equatorial, during bright moonlight, and through a 
muddy and tremulous sky, 1 suspected the existence of a 
ring round the planet ; and on surveying it again for 
some time on Saturday evening last, in the absence of the 
moon, and under better, though still not very favorable 
atmospherical circumstances, my suspicion was so strong, 
ly confirmed of the reality of the ring, as well as of the 
existence of an accompanying satellite, that I am induced 
to request you, as early as possible, to put the observa- 
tions before the public. 

The telescope used is an equatorially mounted Newto. 
nian reflector, of 20 feet focus, and 24 inches aperture, 
and the powers used were various, from 316 to 567. At 
about 8^ hours, mean time, I observed the planet to have 
apparently a very obliquely situated ring, the major axis 
being seven or eight times the length of the minor, and 
having a direction tiearly at right angles to a parallel of 
declination. At the distance of about three diameters of 
the disc of the planet, northwards, and not far from the 
plane df the ring, but a little following it, was situate a 
minute star, having every appearance of a satellite. I 
observed the planet again about two hours later, and no- 
ticed the same appearances, but the altitude had then de- 
clined so much that they were not so obvious. Jry im- 
pression certainly was that the supposed se(,^mte had 
somewhat approached, but I cannot positively assert it. 
With respect to the existence of the ring, I am not able 
absolutely to declare it, but I received so many impres- 
sions of it, always in the same form and direction, and 
with all the different magnifying powers, that I feel a very 
strong persuasion that nothing but a finer state of atmo- 
sphere is necessary to enable me to verify the discovery. 
Of the existence of the star, having every aspect of a 
satellite, there is not the shadow of a doubt. 4^ 

Aflerwards I turned the telescope to the Georgium Si- 
dus, and remarked that the brightest two of his satellites 
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were both obviously brighter than this small star aocom* 
panying Le Verrier's planet. 

Wm. Lassell. 

In the periodical from which we copy, this statement 
of Mr. Lassell is accompanied by a drawingy representing 
the appearance of the planet as above described. 
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OF THE DISCOVEBY OF THE SEVERAL PLANETS. 

Mercury^ Venus, Mars, JupUer, and Saturn, have been 
known from the earliest ages in which astronomy has 
been cultivated. 

Vesta was discovered by Dr. Olbers, March 29th, 
1807. 

Astraa was discovered by Mr. Encke, of Dresden, 
Dec. 15th, 1845. 

Juno was discovered by Mr. Harding, Sept. 1st, 1804. 

Ceres was discovered by Piazzi, at Falermo, Jan. 1st, 
1801. 

Pallas was discovered by Dr. Olbers, of Bremen, 
March 28th, 1802. 

Herschel was discovered by Sir William Herschel, 
Marc4|J3th, 1781. 

Xe jyjrter, the new planet, was demonstrated to exist 
by M. E^V^errier, of France, in August, 1846. Its ex- 
istence and locality being thus determined, it was first 
seen Sept. 2dd, 1846, by Dr. Galle, at Berlin. 

As the circumstances of this discovery are of the most 
interesting character, we subjoin the following letter upon 
the subject for the perusal of the student : 

Ebh, near Dnriiam, Oct 8, 1846. 

But a few months have elapsed since the discovery of 

iie small planet Astrsea,' the companion of the small 

planets Juno, Ceres, Pallas, and Vesta, already known. 

The last few days have brought us the intelligence of the 

8* 
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discovery of another new planet, under circumstances so 
unexampled, as to form the most brilliant achievement of 
theoretical and practical astronomy. Some of your read- 
ers may be interested in a familiar explanation of the 
steps which have led to this interesting discovery. 

The motions of all the planets are affected by the gravi- 
tation of the planets to one another ; and the places of the 
planets in the heavens are computed beforehand, so. that 
the positions given by observation can be constantly com- 
pared with those previously calculated. Now the observed 
motions of the planet Uranus, the most distant hitherto 
known in our system, when thus compared, were found 
not to agree with the motions which the planet would 
have, after allowing for the influence of all the known 
planets ; and when it was found that the deviations were 
far greater than any which could be ascribed to mere er- 
rors of observation, that they were of a regular character, 
and of such a nature as would arise from the action of a 
still more distant planet, the attention of astronomers was 
directed to ascertain whether the disturbances' were sucli 
as to point out the position of the disturbing planet. As 
long ago as the year 1842, a communication took place 
between Sir John Herschel and the lamented German as- 
tronomer, Bessel, on this subject : and there is reason to 
suppose that some researches on the subject will be found 
among Bessel's papers ; for, in a letter written Nov. 14, 
1842, to Sir J. Herschel, Bessel says, "In referj^e to 
our conversation at Collingwood, I announce t^Jbu that 
Uranus is not forgotten." The question wallThowever, 
taken up by other astronomers. Le Verrier, in France, 
and Mr. Adams, of St. John's College, Cambridge, in Eng- 
land, each in ignorance of each other's labors, proceeded 
to investigate this most intricate question, and arrived in- 
dependently at the same conclusion, that the probable 
place of the suspected planet was about 325^ of heliocen- 
tric longitude. This was sufficient to point out, within 
certain limits, the part of the heavens at which the planet, 
if visible, would be seen ; and, in consequence, Professor 
Challis, at Cambridge, for the last two months, was en- 
'^'iged in mapping the neighboring stars with a view of 
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detecting the planet. Sir John Herschel alluded to the 
probability that the planet would be detected in the speech 
which he made on resigning the chair at the late meeting 
of the British Association. Having observed that the last 
twelvemonth has given another new planet to our system, 
he added, ^* It has done more. It has given us the proba- 
ble prospect of the discovery of another. We see it as 
Columbua saw America from the shores of Spain. Its 
movements have been felt, trembling along the far-reach- 
ing line of our analysis, with a certainty hardly inferior 
to that of ocular demonstration." 

The eloquent and glowing anticipation of the future 
was soon to receive its accomplishment. On the 8 1st of 
August, Le Verrier made public the following elements 
of the orbit of the supposed planet, deduced by most 
laborious calculations from the observed disturbances : 

Semi- axis majcH* . . •36,154 

Eccentricity .... 0,10761 

Longitude of Perihelion . 284^ 45^ 

Mean long. Jan. 1, 1847 . ^ 318° 47" 

Periodic time .... 217,387 sidereal years. 



Mass 



tAtt' 



He also announced that the planet would probably 
present a disc of about S^^ in magnitude. This an- 
nouncement reached Dr. Galle, at Berlin, on the 2dd of 
Septefllber, and on the same evening Dr. Galle, on com. 
paring Ih^ stars in Dr. Bremiker's chart with the 
heavens, fofind a star of the eighth magnitude which was 
not marked upon the map. The place of this star was 
accurately observed, and on comparing this place with 
its position on the following night, its motion, amounting 
to about 4^, in right ascension, and 30" in declination, was 
detected ; and the star was proved to be the expected 
new planet. 

It ought to be noticed that the new investigations of Le 
Verrier, accompanied with a recommendation to astrono- 
mers to search for the planet by examining whether any 
star presented a sensible disc, did not reach Cambridge 
till September 29, and that Professor Challis, on that very 
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evening, singled out one star, as seeming to have a disc, 
and that star was the planet. Thus the theory, derived 
by a most abstruse calculation, from long-continued ac- 
curate observation, has been completely verified ; and a 
triumph has been gained which will go down to.posterity 
among the most brilliant of astronomical discoveries. 

The known boundaries of our planetary system have 
thus been nearly doubled ; a planet is added to it re- 
quiring more than 217 years to complete its revolution 
round the sun ; and moving in regions so remote as to 
receive but ^g^^^ th part of the light and heat which our 
earth enjoys. 

It will remain to be discovered whether, as seems 
most probable, this planet is accompanied with a train of 
attendant satellites; whether its motions are in ac- 
cordance with the known laws of gravitation ; or whether 
it, in turn, is to serve as the means of a still further ex- 
tension of the solar system.- 

There is one circumstance connected with this new 
planet which is too remarkable to be overlooked. It was 
long since noticed by Bode, that the distance of the plan- 
ets from the sun follows a peculiar law, which may be 
thus stated — that if the distance of Mercury from the sun 
is assumed to be 4, the distance of Venus, the next planet, 
is 3 added to 4, or 7 ; that'of the earth, which is next, 
twice 3 added to 4, or 10 ; and thus for the remaining 
planets, the distances from each other are doubla^verj 
time, as may be seen from the following table ^^ 

Name of Planet Dist. from the Sun. Differeoie. 

Mercury . . ^ , 4 3 

Venus .... 7 8 

Earth 10 6 

Mars 16 12 

Small Planets . . 28 24 

Jupiter .... 52 48 

Saturn .... 100 96 

Uranus .... 196 192 

New Planet . . . 888 

The distance of the new planet then approximately 
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satisfies this very remarkable law ; and the little stranger 
is at once recognised as bearing a strong family likeness 
to the other members of our system. 

Temple Chbvallies. 

From the calculation submitted in the foregoing ac- 
counts ' it appears that the Le Verrier planet must be 
nearly three thousand millions of miles from the sun ! 
Verily, such a discovery is " enlarging the boundarie>i of 
the Solar System" most eflfectually. But what is this 
distance afler all, when we consider that it would re- 
quire more than 6000 such journeys to reach the nearest 
of the fixed stars ? 



CHAPTER III. 

OF THE SECONDARY PLANETS. 

Lesson 6S« 

CHAEACTBR AND NUMBER OF THE SBCONDART PLANETS. 

(Map 2.) 

The secondary planets are those comparatively small 
bodies^^at accompany the primaries in their course, and 
revolve fli^und them. As the primaries revolve around 
the sun, so flie secondaries revolve around their primaries. 
9 The number of secondary planets positively known to 
exist is nineteen. Of these, the Earth has onCf Jupiter 
/bur, Saturn eighty and Herschel six. They may be 
seen on the map at their relative distances from their 
primaries. Their relative magmtudes are also repre- 
santed. 

Though the secondary planets have a compound mo- 
tion, and revolve both around the sun and around their 
respective primaries, they are subject to the same general 
laws of gravitation— of centripetal and centrifugal forcA 
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— by which their primaries are governed. Like them, 
they receive their light and heat from the sun, and re- 
volve periodically in their orbits, and on their respective 
axes. In the economy of nature they seem to serve as 
so many mirrors to reflect the sun's light upon superior 
worlds, when their sides are turned away from a mor^ 
direct illumination. The secondary planets are generally 
called moons, or satellites. 

Lesson 69« 

SUPPOSED SATELLITE OF YBNTTS. 

Several astronoitiers have maintained that Venus is 
attended by a satellite. From the observations of Cas- 
sini, Mr. Short, Montaigne, and others, as quoted by Dr. 
Dick,* it seems highly probable that such a body exists. 
M. Lambert supposed its period to be 11 days, 5 hours, 
and 1 3 minutes ; the inclination of its orbit to the eclip- 
tic 6df o ' its distance from Venus about 260,000 miles ; 
and its magnitude about ^ that of Venus. It is to be 
hoped that this interesting question will ere long be fully 
settled, as it is one which numerous telescopes, both in 
this country and in Europe, have capacity to decide. It 
is a question worthy of the attention of Lord Rosse, and 
the powers of his colossal reflector. 
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OF THE BABTH S SATELLITE OB MOONr 

(Map 12.) 

To ordinary observers of the heavens, the moon is an 
object of great interest. Her nearness to the earth — her 
magnitude — her rapid angular motion eastward — her per. 
petual phases or changes, and the mottled appearance of 
her surface, even to the naked eye, all conspire to arrest 
the attention, and to awaken inquiry. Add to this her 

* Celestial Scenery, pp. 84-89. 
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connection with Eclipses, and her influence in the produc- 
tion of Tides, (of both of which we shall speak hereafter 
in distinct chapters,) and she opens before us one of the 
most interesting fields of astronomical research. 

The following table exhibits the principal statistics 
and facts respecting the moon, and should be carefully 
studied or committed to memory. 

Mean distance from the earth's centre 240,000 miles. 



27i days. 
29| " 
13 



2,300 miles. 
130 10' Sb'' 
2,160 miles. 
31' r' 



JH, 




.Tnm 



Sidereal revolution ... 
Synodic revolution - - 
Periodic revolutions per year, nearly 
Direction in orbit from west to east. 
Hourly motion in orbit 
Mean angular motion per day - 
Diameter .... 

Apparent angular diameter 
Bulk, as compared with the earth 
Bulk, as compared with the sun 
Surface, as. compared with the earth 
Density, the earth being 1 
Inclination of orbit to the ecliptic 
Eccentricity of orbit 
Longitude of ascending node 
Inclination of axis to orbit 
Revolution upon axis 
Light reflected by her, as compared 
*i||kh that of the sun 

By COTl^aring the distance of the moon, as expressed 
in the foregoing table, with that of the sun, (Lesson 8,) 
it will be seen that the latter is four hundred times as far 
off as the former. It is for this reason that she generally 
appears as large as the sun, when in fact he is seventy 
million times the largest. The moon may therefore 
well be regarded as our nearest terrestrial neighbor. 

It may also be interesting u> compare the angular 
magnitude of the moon as seen from the earth, with that 
of the sun, as given in Lesson 11. They seem to differ 
but 53'' ; or less than one minute of a degree. Thus the 
sun, on account of his immense distance, looks no larger 



* 
509' 

13,833 miles. 

variable. 

29^ days. 
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than the moon ; when in fact he is equal in bulk to 
seventy millions of such bodies. 

U the student does not fully understand the caiise of 
this agreement in the apparent magnitude of the sun and 
moon, when they are in reality so disproportionate in 
bulk, let him turn back and review Lesson 10, and the 
map and figure therein referred to. 



Lesson 71* 

CHANGES OR PHASES OF THE MOON. 

(Map 12.) 

The upper row of figures on the map represents the 
changes of the moon in passing from new to full moon, 
and around to new moon again. The first figure on the 
right represents the new moon, when, if visible at all, we 
see only her dark sid&. She is then at her conjunction^ 
or in the same longituce with the sun, and to ordinary 
observers is invisible. As she advances eastward in her 
orbit, she falls behind the sun in his apparent daily 
course, and in a few days is seen in the west just afler 
sundown, in the form of a slender crescent, as seen in the 
next view to the lefl. As she advances, we see more and 
more of her bright side, as represented on the map, till 
she reaches her opposition^ when her enlightened hemi- 
sphere is towards us, and we see her as a /W/ 

From this time onward the west side of theji/joon be- 
gins to be obscured, for want of the sun-lignt, ai\d the 
crescent begins to be inverted. From the first quarter to 
the full, and from full moon to the last quarter, the moon 
is said to be gibbous. 

The cause of these changes is further illustrated in 
Figure 2, where the earth is shown in the centre, and 
the moon at various points in her orbit.. The sun is 
"supposed to be on the right, as in Figure 3. The out- 
side suit of moons shows that in fact just one half of the 
moon is always enlightened ; while those on the inside 
show how much and which part of her enlightened side ia 
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Visible from the earth. A is the new moon. B shows her 
when first visible. C is the first quarter;. D gibbous; E 
full moon ; F gibbous ; G last quarter ; H the crescent 
inverted ; and A new moon again. This revolution of 
the moon around the earth, is called a lunation. 

The points A and £, in the moon's orbit, are called 
her syzygiea ; C and G her quadratures ; and fi, D, F, 
and H, her octants'. 

Lesson 73. 

THB KOON's path ABOUND THB SUN. 

(Map 12.) 

The revolution of the moon around the earth, and with 
the earth around the sun, is represented by Fig. 3.* As 
her orbit nearly coincides with the ecliptic, she is some- 
times wiihm^ and at others without the earth's orbit. When 
the moon is at A, and the earth in her orbit between A 
and 19, it is new moon. In about 14 days she reaches B, 
and will be seen from the earth as a full moon. In 14 
days longer she reaches C, when it is new moon again, 
and so on perpetually. At A she is in conjunction, and 
at B in opposition. 

But it will be seen that the twelve revolutions of the 
moon and the one revolution of the earth do not come out 
even ; or in other words, do not end at the same time. 
From the new moon at A, around to the new moon at D, 
are iust twelve lunar months or revolutions ; but at this 
time\he earth wants 19° 20^ to reach her starting-point 

* The author w aware that the figare does not represent the actual 
path of the nfloon around the sun, neither is it posrihle to draw it, ex- 
cept upon a fery large scale. The moon ntver retrogradetf but is 
advancing with the earth at the rate of 65,000 miles an hour, even 
at new moon, and when falling behind the earth. When in opposi- 
tion, and gaining upon the earth, her velocity is about 71,000 miles 
an hour. The true path of the moon would appear almost piirallel 
to that of the earth, which it would cross backward and forward, at 
very acute angles, every 14} days, or at intervals of about 14}° each. 
But even the portion within the earth's orbit would be concave to- 
wards the gun. The diagram. Fig. 3, inculcates more trvth and leee 
error than any other wp could employ, and we use it for the same 
reason that we find it in Bunritt's Atlas, and in Mitohel's edition of 
tfM G«ognphy of the Haaveafc 

9 
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at A, or to complete her year. The lunar year, there, 
fore, consisting of twelve synodical revolutions of the 
moon, or 346 days, is 19 days shorter than the civil 
year. 

Lesson 7S. 

REVOLUTION OF THE MOOn's NODES AROUND THE ECLIPTIC. 

(Map 12.) ^ 

By referring to Lessons 30 and 31 it will be seen that 
the nodes of Mercury and Venus are permanent ; that is, 
that they are always at the same point in the ecliptic, or 
in the same longitude. But this is not the ca^^e with the 
moon's nodes. Suppose the line passing down from A, 
Fig. 3, to represent the line of her nodes, at the com- 
mencement of a lunar year. After twelve lunations, 
and when she has passed round to the point D, she will 
have returned to the same node again, although she is 
19® 20^ short of the point where that node was reached 
346 days before. At this time the line p&ssing down 
from D would represent the line of her nodes. In this 
manner the nodes of the moon's orbit fall back westward, 
or recede 19j° every lunar year, till they complete a 
backward revolution quite around the ecliptic. To do 
this requires 18 years and 225 days, or 228 lunations ; 
when the moon will rea^h the same node again at D, or 
in the same longitude. ^^ 

This revolution of the moon's nodes will be nq^ced 
again in the chapter on Eclipses, The motion of thij 4|p. 
svies will also be explained and illustrated inyhe ^apter 
on Tides in connection with Map 14. * t * ' - 

4 

Lesson 74. ^ 

SIDEREAL AND SYNODIC REVOLUTION OF THE MOON. 

(Map 12.) 

The difference between a sidereal and synodic revolu- 
tion of the planets is explained in Lesson 57. A sidereal 
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revolution of the moon is a revolution from a pardoular 
star, around to the same star again ; or what would con- 
stitute a complete revolution if the earth . were at rest. 
But as the earth is constantly advancing in her orbit, the 
moon, in passing from one ftill moon to another, has to 
perform a little more than a complete revolution to bring 
her again in opposition to the sun. This extended jour- 
ney is called her synodic revolution. 

The sidereal period is 271- days, and the synodic 29^, 
as already stated, Lesson 70. 

Lesson 7a. 

REYOLnnON OF THE MOON UPON HER AXIS. 

(Map i2.) 

From the uniform appearance of the moon's surface, 
even to the naked eye, it is obvious that she always pre- 
sents nearly the same side to the earth. From this fact 
it is concluded that she makes but one revolution upon 
her axis during her synodic revolution — that her motion 
upon her axis is from west to east — ^that her day (in- 
eluding a lunar day and night) must be equal to 29| of 
our days ; and that the earth is always invisible from one 
half of the moon's surface. 

By consulting Fig. 2, it will easily be seen that to keep 
the same side towards the earth, the moon must necessa- 
rily l^olve once on her axis during her synodic revolu- 
tion ; and also that if the side towards the earth at the full 
was tpMTards us also at new moon, the side in darkness at 
full m5os ^uld be towards the sun, or enlightened at 
new mooi^.j Observe, we are speaking of her actual light 
and shade, |tnd not of her appearance from the earth. 

if 

Lesson 76. 

THE HOON's LIBRATIONS. 

(Map 12.) 

Though the moon always presents nearly the same 
hemisphere towards the earth, it is not always precisely 
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ihe same. Owing to the eliipticity of her orbit, and the 
consequent inequality of her angular velocity, she ap- 
pears to nil a little on her axis, first one way and then 
the other, thus alternately revealing and hiding new ter- 
ritory, as it were, on her eastern and western limbs. 
This rolling motion east and west is called her ttbration 
in longitude. 

The inclination of her axis to the ecliptic gives her 
another similar apparent motion, alternately revealing 
and hiding her polar regions. This is called her UbrcUUm 
in latitude. It may be illustrated by Map 4, Fig. 2, as 
explained in Chapter VI. 

Lesson 77. 

SEASONS OF THE MOON. 

The moon's year consists of 29^ of our days ; and 
as she revolves but once on her axis in that time, it fol- 
lows that she has but one day and one mgkt in her whole 
year. So slight is the deviation of her orbit from the 
plane of the ecliptic, and the inclination of her axis to the 
plane of her orbit, that the sun's declination upon her can 
never exceed 6^ 40^. She must therefore have perpetual 
winter at her poles, while at her equator her long days 
are very warm, and her long nights very cold. 

Lesson 78. 

TELESCOPIC VIEWS OF THE MOON. 

(Map 12.) 

Fig. 4 is a telescopic view of the moon, as slve appears 
when about a week old. The ragged line dividing her 
illuminated from her dark hemisphere, and extending 
around the moon, is called the circle of illuminafion ; and 
the portion of this circle towards the earth, as represented 
on the map, is called the Terminator. This line traverses 
the moon's disc from west to east in about 15 days, when 
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it disappears from her eastern limb ; and the other half 
of the circle of illumination immediately appears on her 
western border. In about 15 days longer, it passes 
around to the eastern limb again, as represented at Fig. 
69 and at the change of the moon entirely disappears. 

The Figures 4, 5, and 6, are faithful representations 
of the moon, as she appears through a telescope of moder« 
ate power, at three different periods during a lunation. 



Lesson 79« 

FHTSICAL CONSTITUTION OF THE MOON — ^MOUNTAINS, VOL- 
CANOES, ATMOSPHERE, ETC. 

(Map 12.) 

Nothing is more obvious, from a telescopic view of the 
moon, than that her surface is remarkably rough and un- 
even. The evidence of this is, 

FirHy the crooked and ragged appearance of^the termu 
natar. Were the moon's surface level and smooth, this 
line would be uniform, and sharply defined. 

In the second place, small bright spots appear from 
time to time, from new to full moon, beyond the termina- 
tor, in the dark portions of the moon's disc. These are 
nev^far from the terminator, and grow larger and larger 
as it^proaches them. In the same manner these bright 
spots linger after the terminator, from full to new moon, 
and grow smaller and smaller till they disappear. 

In the third place, after these spots fall fairly within 
the enlightened hemisphere of the moon, they project a 
shadow towards the terminator, or in a direction opposite 
to the su)^. From new to full moon these shadows all 
point easttoardf while from full to new moon again they 
all point westward. 

Now nothing can be more certain, from all these phe- 
nomena, than that the moon is covered with mouniains* 
Being elevated above the common level of the moon's 
surface, the sun's light would fall upon their summits be- 
fore the surrounding valleys were rendered luminous or 

9» 
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visible by reflected light. As the light advanoed east- 
ward it would enlarge the visible portions of the moun- 
tains; and finally, after the space around them, west, 
north, and south, was enlightened, they would still cast 
shadows eastward. Besides, these shadows are always 
darkest on the side towards the sun, or nearest the moun- 
tains. 

By exfimining Figures 4 and 6, in connection with the 
foregoing remarks, the student can hardly fail to be satis- 
fied that the moon also has her Alps, her Andes, and her 
Pyrenees. Some of her mountains have been estimated 
to be five miles in height. 

It has been ascertained also that many of the lunar 
mountains are of volcanic formation^ like Etna and Vesu- 
vius. Dr. Herschel states that he actually saw the light 
of the^re« of several active volcanoes in the moon. The 
extravagant statement made by some authors, that cities^ 
fortifications^ and roads have been seen on the moon's 
disc, is worthy of little or no credit. It is much easier 
to imagine cities, &;c., to exist on the moon's surface, 
than to actually see them even if they were tl^ere. 

In regard to the existence of an atmosphere around the 
moon, astronomers are divided. From observations during 
eclipses of the sun, and other phenomena, it is thought 
that if the moon has any atmosphere at all, it must be 
very limited in extent, and far less dense than that of. the 
earth. ^ 

Dr. Scoresby, of Bradford, England, has published a 
description of the moon, as she appears tkrough the 
monster telescope of Lprd Rosse. lie represents her as 
appearing in great magnificence through this famed in- 
strument, seeming like a globe of molten silver, whilst 
every object of the extent of one hundred y^rds was 
quite yisiole, and edifices of the size of York Minster, 
might therefore, he said, be easily perceived if they had 
existed. He states however, that there was no, ap- 
pearance of any thing of that nature, neither was there 
any indications of the existence of water, nor of an at- 
mosphere. There was a vast number of distinct vol- 
canoes, several nu'les in breadth ; through one of them 
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there was a line in continuance of one, about one hun- 
dred and fifty miles in length, which ran in a straight 
direction like a railway. The general appearance, how. 
ever, was like one vast ruin of nature ; and many of the 
pieces of rock, driven out 6f the volcanoes, appeared to 
be laid at various distances. 



Lesson SO. 



GEOGSAPHY OF THE MOON, OR SXLBN06SAPH7. 

(Map 12.) 

The great natural divisions of the moon's disc have 
received appropriate names. The following is a list of 
some of her principal mountains, and their height, ac- 
cording to the recent measurement of Mftdler: 





Feet. 


MUei. 


Posidonius . . , 


. 19,830 


8.76 


Tycho . . . . 


. 20,190 


8.83 


Calippus . . . 


20,390 


8.86 


Casatus . . . < 


. 22,810 


4.32 


Newton . . . , 


, 23,830 


4.52 


Clavius . . . , 


. 19,030 


8.60 


Huygens . . . 


. 18,670 


3.54 


Blancanus . . 


. 18,010 


8.41 


Movetus . . . , 


. 18,440 


8.49 



The following list may be found upon the map. Fig. 5, 
the numbers in the drawing answering to those of the 
table. It may require a near view to read the figures oo 
the map. 

1. Tycho, 6. Eratoethenes, 

2. Kepler, 7. Plato, 

8. Copernicus, 8. Archimedes, 

4. Aristarchus, 9. Eudoxus, 

5. Helicon, 10. Aristotle. 

The dusky portions formerly supposed to be seas, an 
dMignated as follows :-^ 
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A. Mare Humorum, B. Mare Tranquilitatis, 

B. " Nubium, F., " Serenitatis, 

C. " Imbrium, G. " Fecunditatis, 

D. " Nectaris, H. " Crisium. 

MM. Baer and Madler, of Berlin, have constructed 
a map of the moon, which is characterized by Professor 
Nichol of Glasgow, as '* vastly more accurate than any 
map of the earth we can yet produce," and as *^ the 
only authentic and valuable work of the kind in ex- 
istence." Fig. 5 on the map is a faithful transcript of 
this invaluable drawing of the moon's surface. 

The subject of Eckpses and OccuItaUons will be con- 
sidered in Chapter IV. ; and that of Tides in Chapter V* 

Lesson 81. 

HOONS OB SATELLITES OF JUPITER 
(Map 2.) 

Jupiter has four satellites, whose distances, magni- 
tudes, and periodic times are as follows: — ^They are 
numbered in order, beginning with the one nearest to 
their primary. 

Distaace. Periodic times. 

259,000 . . 1 day 18 hours. 

414,000 . . 8 « 12^* 

647,000 . . 7 " 14 " 

1,164,000 . . 17 «. « 

By comparing tl^e magnituie of Jupiter's satellites, 
with that of our moon, Lesson 70, a striking resem. 
blance will be discovered. Indeed the 9iie and distance • 
of the first answer almost exactly to the size an^ distance 
of the moon. But when we come to the periodic Hmes^ 
we find a vast disproportion. So great is the mass and 
attractive force of Jupiter, that if even his most distant 
satellite had a periodic revolution of twenty-nine and a 
half days, its centripetal would overcome its centrifugal 
Ibrce, and it would fall to the body of the planet. To 
balance the great attractive force of the planet (Lesson 



Diameter in milee. 


1st 


2,500 . 


2d 


2,068 . 


8d 


3,377 . 


4th 


2,890 . 
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17) it is necessary that his secondaries should have a 
rapid projectile motion ; hence, though the first is as 
large, and as distant from Jupiter as our moon is from 
the earth, it revolves more xhan^ieen Umes as rapidly as 
the moon. For remarks on the centripetal and centrifu- 
gal forces, see Lesson 20. 

The moons of Jupiter revolve nearly in the plane of 
his equator, and of course, nearly in the plane of his 
orbit and of the ecliptic. See 32 and 50. Their orbits, 
as stated by Dr. Herschel, are inclined to the plane of 
his equator, as follows : 

1st SOfys(y\ 

2d Variable. 

dd Variable. 

4th . 20 58M8''. 

The eccentricities of the Ist and 2d are not per- 
ceptible. That of the 3d and 4th is small, and variable, 
in consequence of mutual perturbations, caused by their 
mutual attraction. They all revolve from west to east^ 
or in the direction of the revolution of their primary upon 
his axis. 

The satellites of Jupiter may be seen with a tele- 
scope of very moderate magnifying power, or a common 
spyglass ; and one of them has even been seen with the 
naked eye. This noble planet with his retinue of moons 
is the solar system in miniature ; and furnishes the most 
gloi^s confirmation of the truth of the Copemican 
theory. 

For ecUpfes of Jupiter's satellites see the chapter on 
eclipses. 

Lesson 83. 

SATELLITES OF SATUEN. 

(Map a.) 

The satellites of Saturn are eight in number,* and are 
seen only with telescopes of considerable power. They 
revolve from west to east. The orbits of the six interior 

* The eighth has recently been diacoTered. 
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. 1 


Atxyt 


1 «« 

8 


- 1 




21 


. 2 




17 


4 




12 


. 15 




22 
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«( 
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satellites are nearly circular, and very nearly in the 
plane of the rings. That of the seventh is considerably 
inclined to the west, and approaches nearer to coincide 
with the ecliptic. Of the new one little is known. 
Their distances and periodic times are as follows : — 

Dist. in miles. Periodic times. 

Ist 123,000 

2d 158,000 

3d 196,000 

4th 251,000 

5th 351,000 

6th 811,000 

7th 2,366,000 

Upon this subject an eminent astronomer remarks, that 
the satellites of Saturn have been much less studied than 
those of Jupiter. The most distant is by far the largest, 
and is probably not much inferior to Mars in size. Its 
orbit is also materially inclined to the plane of the rings, 
with which those of all the rest nearly coincide. It is the 
only one of the number whose theory has been at all in- 
quired into, further than suffices to verify Kepler's law 
of the periodic times, which holds good in this as in the 
system of Jupiter. It exhibits, like those of Jupiter, peri- 
odic defalcations of light, which prove its revolution on its 
axis in the time of a sidereal revolution about Saturn. 

The next in order, proceeding inwards, is tolerably 
conspicuous ; the three next very minute, and requmng 
pretty powerful telescopes to see them ; while the two 
interior satellites, which just skirt the edge of« the rings, 
• and move exactly in their plane, have never been discov. 
ered but with the most powerful telescopes which human 
art has yet constructed, and then only under peculiar 
circumstances. At the time of the disappearance of the 
ring (to ordinary telescopes) they have been seen* thread, 
ing like beads the almost infinitely thin fibre of light, to 
which it is then reduced, and for a short time advancing 



* By S'lr William Herschel, in 1789, with a reflecting telescope ol 
fiMir feet in aperture. See engraving, p. 161. 
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off it at either end, speeding to return, and hasting to their 
habitual concealment.* 

Lesson 83. 

SATELLITES OF HERSCHEL. 

(Map 2.) 

Herschel has six satellites, as shown on the map, which 
revolve around him at the distances here laid down, and 
in the following periodic times :— 

Dist. in miles. Periodic times. 

1st 224,000 ... 5 days 21 hours. 

2d 296,000 - - - 8 « 17 « 

3d 340,000 - - - 10 " 23 " 

4th 390,000 - . . 13 « 11 " 

5th 777,000 - - - 38 « 2 « 

6th 1,556,000 - - - 117 « 17 " 

The satellites of Herschel are distinguished by two 
very remarkable peculiarities. By Lesson 32 it will be 
seen that his orbit very nearly coincides with the ecliptic. 
Now the orbits of his satellites, instead of being down near 
the plane of the ecliptic, as is the case with those of Jupi- 
ter, are elevated so as to cross it at an angle of near 80^. 

In the second place, while every other planet in the 
Sol^ System, primaries as well as secondaries, revolves 
fromki^est to east, the satellites of Herschel have a retro* 
grade or backward revolution. This singular anomaly is 
indicated ctfi the map by the direction of the arrows. 

The orbits of Herschel 's moons appear to be nearly 
circular. 

Lesson 84e 

ST7FF0SED SATELLITE OF LE VERRIEB's PLANET. 

Prom the observations of M. Lassell, as detailed on 

page 88, it is not improbable that this newly discovered 

I 111 I II I ^ 
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world is attended by one or more secondary bodies. In- 
deed we migbt almost infer this from analogy, especially 
when we consider the magnitude of the planet as answer- 
ing pretty nearly to that of Herschel ; and his immense 
distance from the sun, upon which he also must depend 
for light and heat. This latter circumstance alone would 
seem to demand a profusion of moons to arrest the sun- 
beams in the surrounding space, and reflect them upon 
the cold and cheerless bosom of their primary. For the 
present, however, the learner must content himself with 
the little we are able to communicate upon this subject, 
in the hope that future observations may furnish us with 
a more satisfactory knowledge of the economy and pecu- 
liarities of this far-distant orb. 

The secondary planets are all supposed to revolve on 
their respective axes, in the time of their periodic revolu- 
tions, so as always to present the same hemispheres to 
their respective primaries. No smaller bodies have ever 
been discovered revolving around the satellites, as mooDs 
or satellites to them. 



CHAPTER IV. 

PHILOSOPHY OF ECLIPSEa 

Lesson 85« 

NATaSIS AND CAUSES OF ECLIPSES. 

(Map 13.) 

An EcUpse is the partial or total ohscuraticn or dark' 
ening of either the sun or moon. An eclipse of the sun 
is called a Solar eclipse, and that of the moon a Lunar 
eclipse. 

To understand the nature and philosophy of eclipses, It 
will be necessary to beffin with what is called the law of 
skadoios. The prinoiptoa of this law are as follows: — 



■.r.^* 



^' 
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1. A shadow is a portion of space deprived of light by 
the intervention of some dark or intransparent body. 

2. The length and form of, shadows depend not only 
cm the form of the opaque body, by which the light is in- 
tercepted, but also upon its magnitude as compared with 
the luminous body ; and its distance from it At Fig. 1 
the sun is seen at S, on the right, the earth at B, and 
the moon at A and C. The shadows of the earth and 
moon are seen projecting to the left, and running to a 
point. They have this form because the earth and moon 
are smaller than the sun ; and as the earth is a globe, her 
shadow assumes the form of a cone, with its base towards 
the sun. 

3. If the earth were just as large as the sun, her shadow 
would be in the form of a cylinder ; and if larger than the 
aun, it would spread out like a fan ; or like the section of 
a cone with its base turned from the sun. These princi- 
ples may be illustrated at leisure by a candle and several 
balls of different sizes. 

4. When the opaque body is smaller than the luminous 
one, the length of its conical shadow will depend upon its 
distance from the source of light. Thus, if the earth were 
at E, Fig. 1, her shadow would be shorter than repre* 
sented in the figure, by one half. 

5. The shadow cast by the earth is darker in some 
patts than in others. This is represented at O, and P P, 
FiA 2. The deep conical shadow shown at O, and in 
all Tne other figures, is called the Umbra ; and the faint 
.ihadow shown at P P, the Penumbra. 

We are«now prepared to state the causes of eclipses : 
1. An EcUpse of the sun is caused by the moon passing 
between the earth and the sun, and casting her shadow 
upon the earth. This is represented at A, B, Fig. 1, 
where the moon is seen passing in her orbit around the 
earth, and hiding part of the sun's disc at S, from the ob- 
server at B; or, what is the same thing, casting her 
shadow upon the earth at B. As the moon is moving 
eastward, or in the direction of the arrows, she covers the 
lower or western limb of the sun first, and advances to the 
east. By turning the right side of the map uppermost for 

10 
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a moment, and placing it to the south of the learner, the 
figure can hardly fail to give him a correct idea of the 
manner in which a solar eclipse is produced, and the 
reason why it always commences on the sun's western 
limb. 

2. Eclipses of the moon are caused by her falling into 
the earth's shadow, as represented at C. These always 
commence on the moon's eastern limb, as may be shown 
by turning the left side of the map uppermost. 

8. In its natural position the map illustrates another 
fact : it shows why eclipses of the sun always happen at 
new moon, and eclipses of the moon at full moon. To 
an observer on the earth the moon must be new at A, and 
full at C. 

Lesson 86» 

CHARACTER, EXTENT, AND DURATION OF SOLAR ECLIPSES. 

(Map 13.) 

1. The jfirst thing to be determined in regard to solar 
eclipses is the length of the moon's shadow. ; Let the stu- 
dent now call to mind the 'fact that the earth and mpon 
both move in elliptical orbits, as stated in Lessons 43, 45, 
and 70. Let him remember also, that the sun is in dne 
of the foci of the earth's orbit, as represented in Fig. € ; 
and that the earth is in one of the foci of the moon's omiU 
as shown at T and U. Now as the earth is farther <lrom 
the sun at U than at'T, her shadow will be longer ; and 
so with the moon. The shadows of both are mych longer 
when the earth is at or near her apheUon^ as at U, them 
when near her periheUon, as at T. 

2. The length of the moon's shadow is also modified 
by her position in her orbit. As her mean distance from 
the earth's centre is 240,000 miles, she must be 480,000 
miles nearer the sun at new moon, than at her full. This 
difference in her distance must have its effect in length- 
ening or shortening her shadow. At T, Fig. 2, the earth 
is at her perihelion^ and her shadow and that of her sateU 
lUe are comparatively short. At U the earth la at hei 
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most distant point from the sun ; and the shadows of both 
the earth and the moon are proportionally elongated. 

8. A t/urd circumstance modifying the length of the 
moon's shadow, is the position of her aphelion and perihe^ 
Hon points, in respect to the sun. When the earth is at 
T, in her orbit, and the moon at her aphelion at M, which 
is then towards the sun, her shadow is the shortest possi* 
ble ; as she is then nearer the sun than at any other 
time ; but when the earth is at her aphelion at U, and 
the moon comes to her aphelion when it is turned from 
the sun as at K, her shadow has its greatest possible 
length. Such is the variety of causes which conspire to 
afiect the length of the shadows projected by the earth 
and moon. 

4. When the earth is at U, and the moon at her peri- 
helion, and in conjunction as at H, her shadow will ex- 
tend 19,000 miles beyond the earth ; and Will be nearly 
175 miles in diameter at the distance of the earth's sur. 
face. Consequently if her shadow fall, centrally upon the 
earth, it will cover an area 175 miles in diameter, within 
which the sun will appear totally eclipsed. At this time 
the penumbra will cover an area 5,000 miles in diameter, 
wjpiin which the eclipse will be only partial. If the 

idow falls upon the side of the earth, it will of course 

^er a much larger space ; and in either case, it will 
re from west to east over the earth's surface. 
When the earth is at T, and the moon at M, the 
shadow of the moon will not reach the earth by 20,000 
miles ; and when the sun and moon are at their mean 
distances *from the earth, the cone of the moon's shadow 
will terminate a little before it reaches the earth's sur. 
face. 

6. The angular or apparent magnitude of a body de- 
pends much upon its distance from the observer, (Les- 
son 10.) When the sun and moon are at their mean 
distances, they appear nearly of a size ; but when the 
earth is at U, and the moon at H, the moon appears 
larger than the sun, and if a central eclipse take place, 
it will be total; or, in other words, the moon will en- 
tirely cover or hide the sun's face. This is owing to the 
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nearness of tlie moon to the eart)i» and the distance of 
the sun. A total eclipse may last 7 minutes and 58 
seconds. 

7. When the earth is at T, and the moon at M, the 
sun, being at his perihelion distance, will appear unusual' 
ly large; and the moon being in Apogee, will appear tm- 
usually small. Should, a central eclipse happen at this 
time, the moon would not he large enough to bide the en. 
tire face of the sun, eve^ when directly between us and 
him ; consequently in the middle of the eclipse the moon 
would be seen covering the centre of the sun, and leaving 
a luminous ring unobscured, as represented at V on the 
map. This is called an annular eclipse ; and the ring 
may last 12 minutes and 24 seconds. 

8. For convenience in describing eclipses, the diameter 
of the sun and moon, respectively, is divided into twelve 
parts called digits. Thus at W, the sun would be de* 
qpribed as about three digits eclipsed ; at S, about four 
digits, &c. 

The learner will now understand the diiOTerence between 
partial and iotaly central and annular eclipses. Both an- 
nular and total eclipses must be central^ but the annular 
eclipse is not total. The ring or outer border of the ^m 
is left unobscured. \ 

" The following is a list of all the solar eclipses tl^' 
will be visible in Europe and America during the 
mainder of the present century. To those which 
be visible in New England the number of digits is'an- 
nexed. 




Year. 


Month. 


Day and Hour. 


Digit*. 


1847, 


Oct. 


9 1 A. M. 




1848, 


Mar. 


5 7 50 A. M. 


H 


1851, 


July 


28 7 48 A. M. 


^ 


1854, 


May 


26 4 26 p. M. 


iH 


1858, 


Mar. 


15 6 14 A. M. 


ll 


1859i 


July 


29 5 32 p. M. 


2* 


1860, 


July 


18 7 23 A. V. 


«i 
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Tear. 


Month. 


Day and Hour. 


Disita. 


1861, 


Dec. 


31 


7 30 A. M. 


H 


1863, 


May 


17 


1 p. M. 




1865, 


Oct. 


19 


9 10 A. M. 


^ 


1866, 


Oct. 


8 


11 12 A. M. 





1867, 


Mar. 


6 


3 A. M. 




1868, 


Feb. 


23 


10 A. M. 




1869. 


Aug. 


7 


5 21 A. M. 


m 


1870, 


Dec. 


22 


6 A. M. 




1873, 


May 


26 


3 A. M. 




1874, 


Oct. 


10 


4 A. M. 




1875, 


Sept. 


29 


5 56 A. M. 


11* 


1876, 


Mar. 


25 


4 11 p. M. 


8f 


1878, 


July 


29 


4 56 p. M. 


n 


1879, 


July 


19 


2 A. M. 




1880, 


Dec. 


31 


7 30 A. M. 


H 


1882, 


May 


17 


1 A. M, 




1885, 


Mar. 


16 


35 A. M. 


6* 


1886, 


Aug. 


29 


6 30 A. M. 


oj 


^87, 


Aug. 


18 


10 p. M. 




1890, 


June 


17 


3 A. M. 




|891, 


June 


6 


Mer. 




|892, 


Oct. 


20 


19 p. M. 


8* 


|B95, 


Mar. 


26 


4 A. M. 


<F 


1196, 


Aug. 


9 


Mer. 




1897, 


July 


29 


9 8 A. M. 


H 


1899, « 


June 


8 


Mer. 




1900, 


May 


28 


8 9 A. M. 


11 



The eclipses of 1854, 1869, 1875, and 1900, will be 
very large. In those of 1858, 1861, 1873, 1875, and 
1880, the sun wU rise eclipsed. 

Those of 1854, and 1875, will be annular. The 
scholar can continue this table, or extend it backwards, 
by adding or subtracting the Chaldean period of 18 yearii 
11 days, 7 hours, 54 minutes, and 31 seconds.*'' 



* Ferguaon. 
0* 
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Lesson 87. 

ECLIPSES OF THE MOON. 

(Map 13.) 

1, The average length of the earth's shadow is 860,000 
miles ; or more than three times the moon's average dis- 
tance from the earth. Its average breadth at the distance 
of 240,000 miles from the earth's centre, or where the 
moon passes it, is about 6,000 miles ; or three times the 
moon's diameter. Now the extend and duration of a lunar 
eclipse must depend upon these three circumstances : 

(1.) The distance of the earth from the eun^ and the 
consequent length of her shadow at the time. 

(2.) The distance of the moon from the earthy which 
determines the diameter of the earth's shadow where the 
moon passes it ; and 

(3.) The manner in which she passes through the 
earth s shadow. - If it be greatly elongated, it will be 
proportionably larger at the average distance of the moon's 
orbit ; and if the moon is in perigee, and passes centrally 
through the earth^s shadow, as at G and X, Fig. J^ the 
eclipse will be total, and long continued. On the {ther 
hand, if the moon is in apogee, she will pass the eyth's 
shadow where it is comparatively slender, as at Ej^ and 
the eclipse will be of comparatively short duration.!^ 

So if she pass through the aide of the shadow, instead 
of its centre, the eclipse will be partial instead of total. 
An eclipse of the moon can never be annfilar, as she 
cannot get so far off that the earth's shadow would be in- 
sufficient, when centrally passed, to cover the whole of 
the moon's disc. 

2. Before the moon enters the earth's shadow or um- 
hra, as at O, the earth begins to intercept from her por- 
tions of the sun's light, or to cast a faint shadow upon 
her. This shadow, called the moon's penumbra, grows 
darker and darker as she advances, till she enters the 
conical and perfect shadow of the earth. Here the real 
eclipse begins. The umbra and penumbra may be 
bX O, and P P, on the map. 
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Lesson 88. 

OF THE TIME AND FREQUENCY OF ECLIPSES. 

(Map 13.) 

1. If the moon's orbit lay in the plane of the ecliptie, 
as represented at Fig. 1, there would be two central 
eclipses every month ; viz., one of the sun and one of 
the moon. But as the moon's orbit is inclined to the 
ecliptic at an angle of 5^ 9^, (Lesson 70,) it is evident 
that she may be either above or below the ecliptic at the 
time of her conjunction with the sun ; so that she will 
aeem to pass either above or below him, and will not 
cause an eclipse. This will be understood by carefully • 
observing the moon's orbit at M and H, Fig. 2. At M, 
the side towards the sun appears throum up or above the 
ecliptic ; while at H it is below the ecliptic. Of course, 
then, the moon's shadow will pass below the earthy as 
represented at H ; and though it be ever so long, there 
will be no eclipse. For the same reason, the moon may 
either above or below the earth's shadow, at the 

[e of her opposition^ and no lunar eclipse occur. 
. It is only when the moon is at or near one of her 
iSf that either a solar or lunar eclipse can occur, 
the Map, Fig. 2, the line L N represents the line of 
the nodes, as well as the plane of the ecliptic. At A, the 
moon is seen coming to her node, in the direction of the 
arrow, and casting her shadow upon the earth. At the 
same time we see the eclipse advancing in the same' 
direction, commencing upon, the sun's western limb at 
W. At 6 and X, in the same figure, we see the moon 
totally eclipsed. If, therefore, the earth and the moon 
reach the line of the moon's- nodes at the same time, the 
eclipse will be central, whether it be of the sun or 
moon. 

3. But it is not necessary that the earth and moon 
vhould be precisely on the line of the moon's nodes, in 
order to produce an eclipse. "The distance of the 
moon from her node when she just touches the shadow 
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of the earth, in a lunar eclipse, is called the Lunar 
EeUpUc Limit ; and her distance from the node in a solar 
eclipse, when the moon Just touches the solar disc, is 
called the ^lar Ecliptic Limit, The Limits are respec- 
tively the farthest possible distances from the node at 
which eclipses can take place."* 

The Lunar EcUpUc LimU is 11° 25' 4(K^ This is the 
greatest distance from the moon's node at which a lunar 
eclipse can take place ; and in the event of its happening 
at such a distance from the node, it must be exceedingly 
9mall or slight. 

The Solar Ecliptic LimU is 16<^ 59^. If at the moment 
of new moon her node be more than this distance from 
the sun, no eclipse can happen. 

This subject may be elucidated by contemplating the 
moon as seen in her orbit at A, Fig. 2. As she ap- 
proaches her node, it is evident that she will overlap or 
eclipse the sun, as soon as she gets within half the sun's 
diameter of the ecliptic; as just one-half of the sun is 
above the ecliptic. That point, therefore, in the moon's 
orbit which is only the semi-diameter of both the sun and 
moon from the ecliptic, is the ecUptic Umit fi)r 
eclipses. 

4. The moon's nodes constantly fall back westwi 
on the ecliptic, at the rate of about 19^ per year; so wint 
she comes to the same node again, as from the line iKiur 
A, Fig. 2, around to A again, in 19 days less than a 
year ; or in 346 days. In just half this time, viz. 17S 
days, she passes her other node in the opposite ^ide of the 
ecliptic, as at N. It follows, therefore, that at whatever 
time of the year we have eclipses at either node, we may 
be sure that in 173 days afterwards we shall have eclipses 
at the other node. And as for any given year eclipses 
commonly happen in two opposite months, as January 
and July, February and August, May and November, 
these opposite months, whichever they may be, are called 
for tliat year the Node Months: 

6. There cannot be less than two nor more than seven 

• OloMtod. 
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oclipses in one year. If but two, they will both be of the 
min ; but if seven, five will be of the sun and two of the 
moon. The usual number is two solar and two lunar. 



Lesson 89« 

SGUPSBSi OK OCCULTATIONS OF THB STABS. 

The occultation of a star is caused by the moon's 
passing between us and it, and concealing it from our 
▼iew. Though a very simple and common phenomenon^ 
it is, nevertheless, a very interesting one. At New 
Moon, especially, the star occulted may be traced to the 
very border of the moon's eastern limb, When it suddenly 
goes out. From these stellar occultations, or eclipses of 
the stars, many important conclusions may be drawn. 

They teach us that the moon is an opaque body, teN 
minated by. a real and sharply defined surface^ intercept- 
ing light like a solid. 

They prove to us, that at those times when we cannot 
see the moon, she really exists, and pursues her course ; 
and that when we see her only as a crescent, however 
nari^Kv, the whole globular body is there, filling up the 
defiflent outline, though unseen. For occultations take 
plam indifierently at Sie dark and bright, the visible and 
mvil^le outline, whichever happens to be towards the^ 
direJRon in which the moon is moving ; with this only 
diflference, that a star occulted by the bright limb, if the 
phenomenon be watched with a telescope, gives nbtioe, 
by its gradual approach to the visible edge, when to ex- 
pect its disappearance; while, if occulted at the dark 
limb, if the moon, at least, be more than a few days old, 
it is, as it were, extinguished in mid-air, without notioe 
or visible cause ^r its disappearance, which, as it happens 
mstanUmeously, and without the slightest previous dimi- 
nution of its light, is always surprising ; and, if the star 
be a large and bright one, even startling from its sudden- 
ness. The reappearance of a star, too, when the moon 
has passed over it, takes place, in those cases when the 
bright side of the moon is foremost^ not at the concave 
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%utline of the crescent, but at the invisible outline of the 
Complete circle, and is scarcely less surprising from its 
Suddenness, than its disappearance in the other case.* 

Lesson 90« 

ECLIPSES OF JUPITES'S MOONS. 

Every planet in the Solar System, whether primary 
or secondary, casts its shadow in the direction opposite to 
the sun. but none of the primaries can eclipse each 
other. In every case, however, where they are attended 
by satellites, there may be eclipses. 

Of the number, distances, magnitudes^ and motions of 
Jupiter's moons, we have already spoken in Lesson 61. 
It remains now to consider their eclipses. 

From the magnitude of Jupiter, and his distance from 
the sun, it will be seen at once that he must cast a 
shadow of great dimensions, extending far into space to* 
wards the orbit of Saturn. But in order fully to under, 
stand the subject of his eclipses, it will be necessary to 
take into the account not only his distance, magnitude, 
&c., but the near coincidence of his orhil with the echptic, 
his equator with his orbit, and the orbits of his moonsT^ith 
his eqimtor. All these points will be found duly nofj^d 
under their appropriate heads in the preceding lei 
Let it be remembered then — 

1. That Jupiter casts a broad and long shadow iVthe 
direction opposite the sun. 

2. That the centre of this shadow lies in the plane of 
his orbit, which differs only 1|^ from the plane of the 
ecliptic. (32.) 

3. That his axis is inclined to his orbit only 3^ 5^, and 
of course the plane of his equator nearly coincides with 
that of his orbit. (50.) 

4. Three of his moons revolve very nearly in the 
plane of his equator, and must consequently pass near 
Ihe centre of bis shadow at every revolution. They 
must, therefore, be totally eclipsed. 

* Henehel'i Aatronomy 



ECLIPSBS OF SATURN AND BERSGHSL. HQ 

5. The most distant of his satellites has an orbit more 
inclined to the ecliptic, so that she sometimes but just 
grazes the border of the shadow in passing, ai^d some* 
times wholly escapes* But these instances are compara- 
tively rare. As a general rule, it may be said that the 
satellites of Jupiter are totally eclipsed at every revolution; 
so that by determining the number of revolutions each 
niakes in a month, (81,) and adding them together, we 
find the number of eclipses in that period of time. They 
amount to about foiXy. 

6. From the nearness of his satellites (Lesson 81) we 
infer that they must pass his shadow where its diameter 
must be nearly as great as that of Jupiter; hence the 
eclipses are usually total, and last for some time. 

7. The shadows of the satellites, being much longer 
than those of our moon, on account of their greater dis- 
tance from the sun, and the nearness of the satellites to 
Jupiter, are cast upon him at every revolution. They 
may be seen with good telescopes " like small round ink 
spots" traversing his disc. 

8. The entrance of Jupiter's moons into his shadow is 
called their immersion ; and their egress therefrom their 
emermon. Tables have been constructed showing the pre* 
cise jfme when these shall take place, for a given longi- 

>n the earth, as, for instance, Greenwich Observa- 
which tables are employed, in connection with a 
;ter or accurate timepiece, for determining terres- 
fongitude. 

Lesson 91« 

ECLIPSES OF SATURN AND HERSCHEL. 

Of the satellites of these two planets, too little is known 
to admit of any very positive statements in respect to their 
eclipses. Indeed very little is said upon this subject, even 
by the ablest practical astronomers. Of Saturn it is re* 
marked by Dr. Herschel, that owing to the obliquity of 
his rings, and of the orbits of his satellites to the ecliptic, 
they suffer no eclipses, the interior ones excepted, until 
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near the time when the rings Ate seen edgewise. (See 
Lesson 66, and Map.) 

Of the eclipses of Hersohel's moons, nothing whatever 
is known by observation, and very little by theory, as 
deduced fVom their distances, inclination of orbits, &g. 



CHAPTER V. 

PHILOSOPHY OF THE TIDES. 

Lesson 92. s 

NATURE AND CAUSES OF TIDES. 
(Map 14.) 

The alternate rising and falling of the waters of tbe 
ocean are called THdes. The rising of the waters is called 
Flood tide, and their falling Ebb tide. There are two 
flood and two ebb tides every day. 

The cause of the tides is the attraction of the sun and 
moon upon the earth and the waters surrounding i1 

Fig. I represents the earth surrounded by wate^Hn a 
state of rest, or as it would be were it not acted up{j^ by 
the sun and moon. 

Fig. 2 shows the moon at a distance above the f ^arth^ 
and attracting the waters of the ocean so as to proouce a 
high tide at B. But as the moon makes her apparent 
westward revolution around the earth but ^nce a day, 
the simple raising of a flood tide on the side of the earth 
towards the moon, would give us but one flood and one 
ebb tide in twenty- four hours ; whereas it is known that 
we have two of each. 

Fig. 8, therefore, is a more correct representation of 
the tide- wave, as it actually exists, except that its height, 
as compared with the magnitude of the earth, is vastly 
too great. It is designedly exaggerated, to illustrate the 
principk under consideration. While the moon at A 
produces a higH tide at B, we see a high tide at.C, on the 
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opposite side of the earth. Of course it is low tide, at 
this time, at D and £ ; and as these four tides, viz. two 
high and two low, traverse the glohe from east to west 
every day, it accounts for hoth the rising and falling of 
the tides every twelve hours. 

But the most difficult point remains yet to be elucidated. 
** The tides," says Dr. Herschel, " are a subject on which 
many persons find a strange difficulty of conception. That 
the moon, by her attraction, should heap up the waters 
of the ocean under her, seems to most persons very nat* 
ural. That the same cause should, at the same time, 
heap them up on the opposite side of the earth, [as at C, 
Fig. 3,] seems to many palpably absurd. Yet nothing is 
more true, nor indeed more evident, when we consider 
that it is not by her whole attraction, but by the differences 
of her attractions at the two surfaces and at the centre, 
that the waters are raised."* 

The law of gravitation (17) is the same which prevails 
in the diffiision of light, (12,) namely, that its force is 
inversely as the squares of the distances; or, in other 
words, as the square of the distance is diminished, the 
force of attraction is increased, and vice versa. Let this 
rul^be applied to the earth and moon. Fig. 3. 

/ 1 In the first place, nothing can be more evident than 
th^'l the tide- water at B is the whole diameter of the 
ea.ih, or 8,000 miles neaier the moon at A than the 
wai^rs of the opposite side of the earth at C. They 
must also be 4,000 miles nearer than the centre of the 
earth, or the parts between D and E ; while these parts, 
in turn, ane 4,000 miles nearer than the waters at C. 

2. Now as the force of 4he moon's attraction depends 
upon her distance, it must follow, in the second place, 
thiat the different parts of the earth will be unequally at- 
tracted. B will be attracted more than D E, and D E 
more than C. 

3. This unequal attraction of the difierent parts of the 
earth's surface will tend to separate these parts. As B 
is more strongly attracted than the body of the earth, it 

• Treatifie, 315. 
11 
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will be drawn farther towards the moon, so as to produce 
a high tide on that side of the earth. The body, or solid 
parts of the earth, being nearer to the moon than the 
waters at C, will also recede from them towards the noooOy 
causing the waters of the other side of the earth to tend 
from D E towards C, and raising a high tide at that point. 
4. This perturbation, or swinging of the earth one 
way and the other, in her orbit, is assumed to be a con- 
stant result of the moon's attraction. Though the earth 
never deviates from her course more than the amount of 
her diameter, yet this is considered sufficient to account 
for the high tides opposite the moon, when in conjunction 
with the sun, upon the principles already explained. For 
a new theory of tides, see Lesson 94. 



Lesson 93. 

LAGGING OF THE TIDE — ^EXCXTSSIONS IN LATITUDE. 

(Map 140 

1. The vertex, or highest point of the tide- wave, is 
generally about three hours behind the moon in hen 
sage westward. This is illustrated at Fig. 4, when 




moon is seen on the meridian at A, and the tide 
hanging back to the east, with its vertex at B. 
tide will be rising at C when the moon passes the 
ian ; and will continue to rise for three hours afterwards, 
when it will reach its highest point, and begin to ebb 
again. • 

The cause of this delay of the tide- wave is a want of 
time for the waters of the ocean to yield to the impulse 
given to them by the moon's attraction. Besides, as the 
moon continues to act upon the waters east of her me- 
ridian, for some time after she has passed over them, it is 
natural that they should still continue to rise. 

2. Not only does the tide lag behind the moon, but 
the moon lags behind her hour, so to speak, or rises later 
and later every night, as she advances eastward m her 
orbit ; so that high or low water is about fifty minutes 
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later every day, in reaching any particular meridian, than 
OQ the day preceding. , 

8. The position of the moon in regard to the equinoe^ 
Ual has also its effect in modifying the tides. This is 
illustrated at Fig. 5, where the moon is seen at A, south 
of the equinoctial, and the vertex of the tide-wave at B, 
on the Tropic of Capricorn. Of course the vertex of the 
opposite wave would he at E, in the northern hemisphere. 
Were the moon at C, or norOi of the equator, the vertices 
of the wave would be shifted from B and E to D and F. 
It is in this way that the declination of the sun and moon 
(47) materially affects the tides in any particular latitude. 
As the vertex of the tide- wave tends to place itself verti- 
cally under the luminary which produces it, when this 
vertical changes its point of incidence on the surface, the 
tide- wave must tend to shift accordingly ; and thus, by 
monthly and annual periods, must tend to increase and 
diminish alternately the principal tides. The period of 
the moon's nodes is thus introduced into this subject; 
her excursions in declination in one part of that period 
being 29<^, and in another only 17^, on either side of th^ 
equator.* 

!^ is on this account, that in high latitudes every al- 
ate tide is higher than the intermediate ones, the 
ling tides in summer exceeding the morning tides, 
the morning tides in winter exceeding those oi the 
eveaiing. 

Lesson 94. 

SFRINO Alfn NEAP TIOBS. 

(Map 140 

1. We have hitherto spoken chiefly of the moon as in- 
strumental in the production of the tides. But though 
she is the principal, she is not the only cause. The mass 
of the sun is seventy millions of times greater than that 
of the moon, (70,) but in consequence of his great distancef 

• Henchel'8 Treatise, 317, 318. 



124 8PBI1V0 AND NEAP TIDES. 

his influence upon the earth in the production of tides is 
only about one-third as great as that of the moon. Still it is 
amply sufficient to produce a perceptible tide- wave of it- 
self, independently of the aid of the moon. Now as the 
solar and lunar influences are to each other as one to 
three, it is evident that when the two forces are combined 
they will produce tides one-third higher than usual ; and 
when they counteract each other, the lunar tide-wave 
will prevail, but will be one-third lower than usual. 
These extraordinary variations are called the Spring and 
Neap tides. There are two of each every month. The 
spring, or highest tides, occur at the syzygiea, or at new 
and full moon, and the neap tides at her quadratures, 

A, B, C, F, Fig. 6, are intended to illustrate these 
phenomena. At A, the moon is seen in conjunction. It 
is now new moon, and the sun and moon act together 
upon the waters of the ocean, producing a Spring tide. 
The map shows the tide-wave as considerably higher 
than at F or B. 

2. At B, the moon has passed to her frst quarter, so 
that her attraction is in a direction at ri^ht angles with 
that of the sun. But as she exerts three-jourths of all the 
attractive force of the sun and moon both, she succ^ds 
in producing a lunar tide in spile of the sun, thoug] 
subtracts one-third from what would otherwise be| 
elevation. On these principles we account for the 
tides, 

8. At C, the sun and mpon are seen in opposiHon, and 
the earth exhibits another spring tide. But here it is evi- 
dent that the tide- wave opposite to each luminctry respec- 
tively, cannot be materially augmented by the perturba* 
tions of the body of the earth, as illustrated at Fig. 3, 
and explained at the beginning of this chapter : for as the 
sun and moon act in direct opposition to each other, they 
tend to keep the earth from swinging towards either. But 
as the moon exerts three times the force of the sun upon 
the earth, she will attract the earth towards her, in spite 
of the sun ; so that she will thus contribute to the pro- 
duction of the tide-wave on the side of the earth towards 
C On the hemisphere towards the moon, she must raise 
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Iter own tide, and that, too, with the whole force of the 
sun's attraction acting against her. How, then, is the 
spring tide produced at this time on the side of the earth 
opposite the sun ? And yet such is the fact. 

Here is a point which it must be acknowledged is not 
satisfactorily explained by the prevailing theory of tides. 
When the sun and moon are in opposition^ they must 
necessarily diminish that perturbation of the earth, which 
is assumed to be the cause of spring tides, and as the 
cause is reduced, the effect also should be reduced. Ac- 
cording to this theory, therefore, we ought to have a neap 
instead of a spring tide, when the sun and moon are in 
opposition. The earth cannot swing in two opposite di- 
rections at the same time. Even Prof. Olmsted, whose 
abilities as an astronomer and mathematician are univer* 
sally acknowledged, seems to be at a loss here. Ha 
says : — ** At the time of new moon, the sun and moon 
both beingon the same side of the earth, [as represented 
at A and jD,] and acting upon it in the same line, their 
actions conspire, and the sun may be considered as add* 
ing so much to the force of the moon. We have already 
expkuQed how the moon contributejs to raise a tide on the 
opf Kite side of the earth. But the sun, as well as the 
moll, raises its own tide- wave, which, at new moon, co- 
inches with the lunar wave. At full moon, also, the 
twoi'luminaries conspire in the same way to raise the 
tide ; for we must recollect, that each body contributes 
to raise the tide on the opposite side of the earth, as well 
as on the eifie nearest to it. At both the conjunctions and 
oppositions, therefore, that icr, at the syzygies, we have 
unusually high tides."* 

Here it will be seen that the learned author speaks 
of the /ac< of spring tide at full moon, and refers to the 
general principles upon which we account &r spring tide 
at new moon ; but how the sun and moon, acting in oppo* 
mtum, can produce spring tides, remains yet to be ex« 
plained. 

4. At F, we see the moon in the neighborhood of her 

* Introdnetum to Aitronomy, 168. 
11* 
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last quarter^ and the earth exhibiting the neap tides 
again. We have thus passed through with one lunation, 
in which we have at A and C, two spring tides, and at 
B and F two neap tides. 

The spring tides are not at their height at the mo- 
ment of the syzygies, but about thirty-six hours after* 
wards. 

PROFESSOR DAVIES' THEORY. 

Since the foregoing was in type, the author accident- 
ally met with Prof. Davies, formerly of West Point, who 
in view of the exceptions we had taken to the prevailii^ 
philosophy, on the preceding page, submitted the follow. 
ing theory. So far as we can discover, it is a philo- 
sophical one, and it is certainly more satisfactory upon 
some points than the prevailing doctrine, which we had 
previously ventured to call in question. In the correct- 
ness of his theory. Prof. D. expresses entire confidence ; 
and by his consent it is here inserted for the benefit of 
the reader. 

The principle upon which he accounts for the tides, 
is that of hydrostatic pressure. When fluids of difiu'ent 
specific gravity are mingled together, the heavierawlll 
displace the lighter, and cause them to rise to the suimce. 
If the waters of the ocean were not acted upon bwthe 
sun or moon, their specific gravity would be the lame 
all over the world ; and they would consequently balance 
each other, producing equilibrium, as represented at Fig. 
1. But the sun and moon do attract the w«iters of tliMS 
ocean, and destroy their equilibrium. Take the earth 
and moor; as represented at Fig. 3. While the moon is 
at A, the tendency of her attraction is to diminish the 
specitic gravity or weight of the waters at B, as she over- 
comes a portion of the earth's gravitating force ; so that 
these waters become lighter than they are wont to be. 
At the same time the moon acts upon the waters at D B 
with a slightly diminished force ; but the tendency at 
these points is in a horizontal direction, or from u B 
towards A, and not away from the earth's centre. ()f 
course, then, the specific gravity of the water is nol 
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lessened at D and E, but rather increased. But as the 
waters at B are rendered lighter by the moon's attrac- 
tion, the waters at D E, having retained their usual 
weight, at least, will displace the former, thus causing 
the waters to fall at D and E, and rise at B and C. In a 
word, the difference in the direction of the moon's attrac- 
tion at B and D E, as respects a perpendicular to the 
earth's centre, makes a difference in the weight of the 
waters at these two points ; and the waters at D E, beinff 
heaviest, sink down till the lighter waters at B and C 
are increased enough in quantity to balance them ; or 
till equilibrium is produced. 

' This theory applies as well to spring tides at full 
moon as to any other tides ; and besides, it requires no 
sensible perturbations of the earth as the result of the 
moon's attraction. It is, therefore, preferable to the com- 
mon theory laid down by authors, and is commended to 
the student as decidedly the best method of accounting for 
the production of Tides. 

Lesson 95. 

I OTHER INEQUALITIES OF THE TIDES. 

I (Map 140 

1. The tides vary in height, according to the distances 
of the earth and moon at the time when they occur. 
Take, for example, the spring tides at New Moon. If 
the earth . is at her aphelion distance from the sun, and 
the moon in apogee, as we see represented at A, Fig. 6, 
the attraction of both the sun and moon will be less than 
their average amount, so that there will be but a mod^ 
erate spring tide ; but if the moon is in peri^e, and the 
earth at her perihelion distance, as seen at D, both the 
sun and moon, being at their nearest points to the earth, 
and in conjunction, will exert their full attractive influ- 
ence upon the earth ; and the spring tide will be unu- 
sually high, as shown on the map. 

2. At E the earth is near her perihelion, and the 
moon in opposition and in apogee. In such a case the 
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sun has his greatest ageocj in producing the tides and 
the moon her hast* This will tend to equalize their 
forces, and only an ordinary spring tide will be pro- 
duced. 

3. The height of the tide- wave in different parts of the 
world is exceedingly various, owing to its being crowded 
into narrow channels in some instances, and to various 
other local causes. In open seas the spring tides are 
about eleven, and the neap tides about seven feet. At 
London the spring tides rise to the height of nineteen feet ; 
at the mouth of the Indus, thirty feet ; in the river Sev* 
em, England, forty feet ; at St. Maloes, in France, forty- 
five feet ; and at Cumberland, Bay of Fundy, seventy-one 
feet. This last is the highest tide in the world, and is 
caused by the meeting of me great northern and southern 
tide- waves of the Atlantic, which here come together in 
opposite directions. 

The height of tides on different portions of the western 
continent has been given as follows : 

Cumberland, Bay of Fuhdy, . . .71 feet. 

Boston, II " 

New Haven, 8 "t 

New York, 5 " 

Charieston, S. C;, . . . . 6 " 

This table seems to accord well with the theory just 
named, in regard to the cause of the excessively high 
tides in the Bay of Fundy. 

4. The lagging of the tide-wave behind the moon 
(93) is greatly modified by local causes. Though the 
tides are usually highest about three hours after the 
moon has passed the meridian, it is often retarded by 
shoals and channels, and by striking against capes and 
headlands, so that, as exceptions to the general rule, high 
tides happen at all distances of the moon from the me-> 
ridian. 

5. Lakes and inland seas have no perceptjble tides, in 
consequence of their inconsiderable magnitude, as com- 
pared with the waters of the ocean. 

6. Dr. Herschel observes that the action of the sun 
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and moon produces tides in the aJtmosphere^ as well as in 
the water ; and that delicate observations have rendered 
them sensible and measurable. The pupil will find a 
remark concerning tides on the suuy in Chapter Vll.t 
where the various theories of the solar spots are consid- 
ered. 

Lesson 96. 

MOTION OP THE APSIDES OF THE MOOn's OBBIT. 

(Map 140 

At the close of Lesson 73, we promised in this chapter 
to speak of the motion or revolution of the moon's apsides. 
The apsides of the moon's orbit are her perihelion and 
aphelion points in her orbit ; and the line of the apsides 
is a line drawn through those points, as shown in Fig. 6, 
wherever the moon's orbit is represented. At A this lin^ 
is marked M A. 

Now the motion of Hie apsides is the revolution of these 
points around the ecliptic from west to east. The map 
shows this revolution as we trace the moon around from 
A t^P, in which plsce the line of the apsides, or the ma- 
jor jixis of the ellipse, is at right angles with itself, as 
she f n at A. 

The apsides of the moon's orbit make a complete rev- 
olution in about nine years. In four and a half years 
the line A M will shift ends, so that the perihelion point 
M will be towards the sun ; and in four and a half years 
more it will shifl ends again, so that the moon will reach 
her perigee again at M, or in the same part of the heav- 
ens. In this way the apsides constantly advance east- 
ward, till, at the end of nine years, they finish a complete 
revolution. 

It will not be supposed, after what we have said above, 
that the apsides shift ends suddenly^ or all at once. This 
is not the case. Their motion is gradual and uniform, as 
shown on the map. 

As already stated in the chapter on Eclipses, the mo- 
lion of the moon's apsides must always be taken into the, 
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account in predictinff their ocourrencei as w^l as in the 
explanation of the tides. 



CHAPTER VL 

OF CX)METS. 

Lesson 97. 

GENERAL PESCEIFTION OF COMETAET BODIES. 

(Map 150 

1. Comets are the most singular class of bodies belong 
ing to the Solar System. They derive their name froni 
the Greek word comay which signifies bearded or hairy. 

2. A comet usually consists of three parts — ^the JVii- 
eleus, the Envelope, and the Tail. The Nucleus is what 
may be called the body or head of the comet, as seen at 
N, on the map. The Envelope is the nebulous or hairy 
covering that surrounds the nucleus. It may beVioen 
around the nuclei of several of the specimens on the liap, 
and especially that of 1585. The TaU of a comet il an 
expansion or elongation of the envelope. 

3. Some comets have no perceptible nucleus, their entire 
structure being like that of a thin vapory cloud, passing 
rapidly through the heavens. 

4. Many comets have simply the envelope, teiihout any 
tail or elongation. Such were those that appeared in 
1585 and 1763, the former of which will be found on the 
map. 

5. Cassini describes the comet of 1682 as being ijfs 
round and as hright as Jupiter, without even an envelope. 
But these are very rare exceptions to the general charac* 
ter of cometary bodies. 

6. The tails of comets usually lie in a direction oppo- 
site to the sun ; so that from perihelion to aphelion they 
precede their nuclei or heads ; or in other words^ cometa 
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seem, after having passed their perihelion, to back out of 
the Solar System. See Map 2. 

7. The comet of 1823 is said to have had two tails, one 
of which extended towards the sun. This comet may be 
seen on the map, with a portion of its orbit. The sun is 
supposed to be on the left, and the comet passing down 
towards its perihelion. Its nucleus and envelope are dis- 
tinctly represented. 

8. The tails of comets are usually curved more or less, 
being concave towards the region from whence they come. 
This is well shown in the comets of 1811, 1823, and 1680. 
That of 1689 is said to have been curved like a Turkish 
sabre, as shown on the map. 

The cause of this curvature of the tails of comets is 
supposed to be a very rare ethereal 'Isubstance, which per- 
vades space, and offers a slight resistance to their progress. 
Of course it must be almost infinitely attenuated, as the 
comets themselves are a mere vapor, which could make 
no progress through the spaces of the heavens were they 
riot very nearly a vacuum. They could no more pass a 
medium as dense as our atmosphere, than an ordinary 
cloud could pass through the waters of the sea. 

9. Comets hava been known to exhibit several tails at 
the same time. That of 1744, represented on the map, 
had no less than six tails spread out in the heavens like 
an enormous fan. 

10. The tails ,of comets do not continue of the same 
uniform length. They increase both in length and breadth 
as they approach the sun, and contract as they recede from 
him, until they pften nearly disappear before the comet 
gets out of sight. 

11. Instances have occurred in which tails of comets 
have been suddenly expanded or elongated to a great dis- 
tance. This is said to have been the case with the great 
comet of 1811. 

12. Of the physical nature of comets little is known. 
That they are in general very light and vapory bodies ia 
evident from the fact that stars have sometimes been seen 
even through their densest portions, and iare generall} 
visible through their tails ; and from the little attractivo 
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influence they exert upon the planets in causing perturba- 
tions. While Jupiter and Saturn often retard and delay 
comets for months in their periodic revolutions, comets 
have not power in turn to hasten the time of the planets 
for a single hour; showing conclusively that the relative 
masses of the comets and planets are almost infinitely 
disproportionate. 

Such is the extreme lightness or tenuity of cometary 
bodies, that in all probability the entire mass of the 
largest of them, if condensed to a solid substance, would 
not amount to more than a few hundred pounds. Sir 
Isaac Newton was of opinion that if the tail of the largest 
comet was compressed within the space of a cubic inch, 
it would not then be as dense as atmospheric air ! The 
comet of 1770 got entangled, by attraction, among the 
moons of Jupiter, on its way to the sun, and remained 
near them for four months ; yet it did not sensibly affect 
Jupiter or his moons. In this way the orMts of comeis 
Ate often entirely changed. That they are in themselves 
opaque bodies^ and shine only by reflection, is evident from 
their sometimes exhibiting distinct phases ; from their in- 
creased brightness as they approach the sun ; and from 
the known difference in the properties of direct and re- 
flected light. The idea that they are,* in reality, " fiery 
bodies," is unquestionably erroneous. 

Lesson 9S. 

MAGNITTTDBS, VELOCITIES, .AND TEMPERATimB OF COMETS. 

(Map 15.) 

1. The HEADS or nnelei of comets are comparatively 
small. The following table shows the estimated diameter 
in five different instances. 

The oomet of 1778, diameter of head 33 miles. 
« 1805, « 36 « 

« 1799, « 462 " 

« 1807, " 666 •« 

« 1811, « 428 •« 
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2. The TAILS of comets are often of enormous length 
and magnitude. That of 371 before Christ was 60^ long, 
covering one third of the visible heavens. In 1616, a 
oomet appearea whioh was 104^ in length. Its tail had 
oot all risen when its head reached the middle of the 
heavens. That of 1680 (see map) had a tail 70^ long, 
oo that though its head set soon after sundown, its tail 
continued visible all night. 

The following table will show the length of the tails 
^f some of the most remarkable comets, both in degrees 
«nd in miles. They will be characterized only by the 
year when they appeared. 



B. C. 


371, 


60O - . 


. 140,000,000 miles 


A.D. 


1456, 


60 - . 


70,000,000 « 




1618, 


104 . . 


65,000,000 " 




1680, 


70 - . 


. 123,000,000 '' 




1689, 


68 - . 


. 100,000,000 « 




1744, 


30 - ' 


85,000,000 « 




1769, 


90 - . 


48,000,000 « 




1811, 


23 . . 


. 182,000,000 « 




1843, 


60 . . 


. 130,000,000 " 



As these estimates are the angles under which the comets 
were viewed from the earth, the length of their tails in 
miles would not be proportional to the angle merely, as 
their distances must, also be taken into the account. ^^^ 
the comet of 1843, with an angular length of only 60^ 
was longer in fact by 65,000,000 miles thanHhe comet 
of 1618, with an ansular length of 104^. At the time 
of measurement the latter was much nearer to the earth 
than the former when bis dimensions were estimated. 

The pupil should look up the comets named in the 
above table, so ftir as laid down on the map. 

3. The YELOCiTT with which comets often move, is 
truly wonderful. Their motions are accelerated as they 
approach, and retarded as they recede from the sun ;. so 
that their velocity is greatest while passing their peri- 
helions. The comet of 1472 described an arc or the 
heavens of 120^ in extent in a single day! That of 

12 
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1680 moved, when near its perihelion, at the rate of 
1,000,000 miles per hour. 

4. The TEMPERATUBB of some comets, when nearest 
the sun, must be very great. That of 1680 came within 
180,000 miles of the sun's surface, and must have re- 
ceived 28,000 times the light and heat which the earth 
receives from the sun — a heat more than 2,000 times 
greater than that of red-hot iron ! What substance can 
a comet be composed of to endure the extremes of heat 
and cold to which it is subject ? Some have supposed 
that their tails were caused by the sun's light and beat 
rarefying and driving back the vapory substance com- 
posing the envelope. 

Lesson 99. 

PERIODS, DISTANCES, AND NUMBER OF COMETS. 

(Map 15.) 

1. The PERIODS of but few comets are known. That 
of 1818, called " Encke^s Comet,'* has a period of only 34 
years. Biela's Comet has a period of 6|- years. That of 
1682 (then first noticed with care, and identified as the 
same that had appeared in 145^, 1531, and 1607) has a 
period of about 76 years. It is called Halley's Comet, 
afler Dr. Halley, who determined its periodic time. 

The great comet of 1680 has a periodic time of STO- 
years, so that its next return to our system will be in the 
year 2,250. Many are supposed to have periods of thou- 
sands of years, and some have their orbits so modified by 
the attraction of the planets as to pass oflT in parabolic 
curves, to return to our system no more. 

Prof. Nichol is of opinion that the greater number visit 
our system but once, and then fly off in nearly straight 
lines till they pass the centre of attraction between the 
Solar System and the Fixed Stars, and go to revolve 
around other suns in the far distant heavens.* Sir John 
Herschel expresses the same sentiment.f 

* Solar System, p^ 135. t Treatise, American Bd. p. 389. 
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2. The DisTAMCBS to which those comets that return 
must go, to be so long absent, must be very great. Still 
their bounds are set by the great law of attraction, for 
were they to pass the point " where gravitation turns the 
other way," they would never return. But some, at 
least, do return, after their " long travel of a thousand 
years." What a sublime conception this affords us of 
the almost infinite space between the Solar System and 
the Fixed Stars ! 

The perihelion distances of the various comets that 
have appeared, and whose elements have been estimated 
by astronomers, are also exceedingly variable. While 
some pass very near the sun, others are at an immense 
distance from him, even at their perihelion. Of 137 that 
have been particularly noticed, 

30 ipassed between the Sun and the orbit of Mercury ; 
44 between the orbits of Mercury and Venus ; 
84, " " " Venus and the Earth ; 

23 " " « the Earth and Mars j 

6 " " " Mars and Jupiter. 

3. The NUMBER of comets belonging to, or that visit, . 
the Solar System is very great. Some have estimated 
them at several millions. When we consider that most 
comets are seen only through telescopes — an instrument 
of comparatively modern date — and that notwithstanding 
this some 450 are mentioned in ancient annals and 
chronicles, as having been seen with the naked eye, it is 
probable that the above opinion is by no means extrava- 
gant. It is supposed that not less than 700 have been 
seen at different times since the birth of Christ. The 
paths of only about 140 have been determined. 

The extreme difRculty of observing comets whose 
nearest point is beyond the orbit of Mars, is supposed to 
account for the comparatively small number that have 
been seen without that limit ; and the proximate uniform- 
ity of the distribution of their orbits over the space in- 
cluded within the orbit of Mars, seems to justify the con- 
clusion, that though seldom detected beyond his path, 
tUey are nevertheless equally distributed through all the 
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•paces of the solar heavens. Reasonldg upon this hy- 
pothesis, Prof. Arago concludes that there are probably 
seven mUHans of comets that belong to or visit die Solar 
System.* 

Lesson lOO. 

DIBBCnON, ORBITS, AND NATUKB OF COMBTS. 

(Map 16.) 

1. The DiRBcnON of comets is as variable as their 
forms or magnitudes. They enter the Solar System from 
all points of the heavens. Some seem to come up from 
the immeasurable depths below the ecliptic, and, having 
doubled "heaven's mighty cape," again plunge down- 
ward with their fiery trains, and are lost for ages in the 
ethereal void. Others appear to come down from the 
zenith of the universe, and having doubled their perihe- 
lion, reascend far above all human vision. Others again 
are dashing through the Solar System, in all possible di- 
rections, apparently without any prescribed path, or any 
guide to direct them in their eccentric wanderings. In- 
stead of revolving uniformly from east to west, like the 
planets, their motions are direct, retrograde, and in every 
conceivable direction. 

2. It is remarked by a late writer,f that the average 
inclinations of all the planes in which the comets now on 
record have been found to move, is about 90^. This he 
regards as a wonderful instance of the goodness of Provi- 
dence, in causing their motions to be performed in a man- 
ner least likely to come in contact with the earth and the 
other planets. 

8. The form of the comets' orbits is generally that of 
an ellipse greatly flattened or elongated. The sun being 
near one end of the ellipse, and the planets comparatively 
in his immediate neighborhood, the comets are in the 
vicinity of the sun and planets but for a short time, and 

* Arago and Lardner*8 Astronomy, p. 70. 
t Fh>£ KendaU of Philadelphia. 
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then hasten outward again, beyond the limits of human 
vision, even with the aid of the best telescopes, to be gone 
even for centuries ! 

4. Comets were formerly regarded as harbingers of 
famine, pestilence, war, and other dire calamities. In 
one or two instances they have excited serious appro- 
hension that the day of judgment was at hand ; and that 
they were the appointed messengers of Divine wrath, 
hasting apace to bum up the world. It may be well, 
therefore, to devote a paragraph to the question. Are 
comets dangerous in the Solar System ? That they are 
not, will be evident when we consider, 

First, that there is scarcely the remotest probability 
of a collision between the earth and a comet. It has 
been determined, upon mathematical principles, and after 
the most extended and laborious calculation, that of 
281,000,000 of chances there is only one unfavorable, 
or that can produce a collision between the two bodies. 
The risk, therefore, to which the earth is exposed of being 
struck by a comet, is like the chance one would have in 
a lottery, where there were ^^,000,000 black balls and 
but one white one ; and where the white ball must be 
produced at the first drawing to secure a prize. 

In the second place, if a comet were to come in direct 
collision with the earth, it is not probable that it would be 
able even to penetrate our atmosphere ; much less to dash 
the world in pieces. Prof. Olmsted remarks, that in such 
an event not a particle of the comet would reach the 
earth — ^that the portions encountered by her would be 
arrested by the atiposphere, and probably inflamed ; and 
that they would perhaps exhibit on a more magnificent 
scale than was ever before observed, the phenomena of 
shooting stars, or meteoric showers.* The idea, there* 
fore, that comets are dangerous visitants to our system 
has more support from superstition than from reason or 
science. 

I cannot better conclude this chapter than in the 
language of the lamented Burritt : " What regions these 

^— »»^— «■ -. .Ill I II t ■■ —^—mm I I »!■! iiiiii ———«■» 

to Afltranomy, p, fUt^ 
12* 
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bodies visit, when they pass beyond the limits of our 
▼iew ; upon what errands they come, when they again 
revisit the central parts of our system ; what is the 
difTereuce between their physical constitution and that 
of the sun and planets ; and what important ends they 
are destined to accomplish in the economy of the uni- 
verse, are inquiries which naturally arise in the mind, 
but which suipass the limited powers of the human un 
derstanding at present to determine." 



CHAPTER VII. 

, OF THE SUN. 

Lesson lOl. 

GBNBBAL BSMARKS BBSPBCTIlfO THB SUK— ITS KIONI- 

TUDB, BTC. 

(Map 4.) 

Although it has been found necessary to give many in- 
taresting facts respecting the sun, in the preceding les- 
tons, it is thought important to repeat them here, with 
others, in a more systematic order ; and with opportunity 
ibr descriptions and explanations more in detail. 

Of all the celestial objects with which we are acquaint- 
ed, none make so strong and universal an impression upon 
our globe as does the Sun. He is the great centre of the 
Solar System — a vast and fiery orb, kindled by the Al. 
mighty on the mom of creation, to cheer the dark abyss, 
and to pour his radiance upon surrounding worlds. Com- 
pared with him, all the solar bodies are of inconsiderable 
dimensions ; and without him, they are wrapped in the 
pall of interminable night. 

The sun is 886,000 miles in diameter. Were a tunnel 
opened through his centre, and a railway laid down, it 
would require, at the rate of thirty miles per hour, nearly 
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three and a half years for a train of cars to pass through 
it. To traverse the whole circumference of the sun, at the 
same speed, would require nearly eleven years. His 
diameter is 112 times that of the earth, and his mass 
1,400,000 times as great. He is 500 times larger than 
all the rest of the Solar System put together^ The mean 
diameter of the moon's orbit is 480,000 mues ; and yet 
were the sun to take the place of the earth, he would fill 
the entire orbit of the moon, and extend more than 200,000 
miles beyond it. on every side. 

The /(ntn of the sun is that of a spheroid ; his equa- 
torial ibeing somewhat greater than his polar diameter. 
The map referred to exhibits the relative diameters of the 
sun and planets. 

Lesson 103* 

SPOTS ON THE SUN — THEIR NUMBER. 

(Map 4.) 

By the aid of telescopes a variety of spots are oflen 
discovered upon the sun's disc. Their numher is exceed- 
ingly variable at different tiroes. From 1611 to 1629, a 
period of 18 years, the sun was never found clear of 
spots, except for a few days in December, 1624. At other 
times twenty or thiny were frequently seen at once ; and 
at one period, in 1825, upwards of fifty were to be seen* 
Prof Olmsted states that over one hundred are sometimes 
visible. From 1650 to 1670, a period of 20 years, 
scarcely any spots were visible; and for eight years, 
from 1676 to 1684, no spots whatever were to be seen. 
For the last 46 years, a greater or less number of spots 
have been visible every year. For several days, during 
the latter part of September, 1846^ we could count six- 
teen of these spots which were distinctly visible, and most 
»of them well defined ; but on the 7th of October follow, 
ing, only six small spots wefe visible, though the same 
telescope was used, and cirouoastanoes were equally &- 
vorable. 
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Lesson 103. 

KATURS OF THE SOLAR SPOTS. 

(Map 4.) 

The appearance of the solar spots is that of a dark mi- 
eleu9 surrounded by a border less deeply shaded, called 
a penumhra. They are both well represented on the 
map. 

When seen through ' a telescope, the sun presents the 
appearance of a yast globe, wrapped in an ocean of flame, 
with the spots, like incombustible islands, floating in the 
fiery abyss. The principal facts by which we are to 
judge of their nature and causes, are the following : 

1. The sun is often entirely destitute of spots. 

2. When they are to be seen, the same spots do not 
regularly reappear on the eastj and pass around, with 
every successive revolution, to the west. 

3. They are exceedingly variable as to number and 
magniittde, 

4. They have been known to break into pieces, and di- 
vide, and even finally to disappear altogetner in a very 
short time. 

6. They sometimes Jfreak out again in the same places ; 
and new ones oflen break out where none were per- 
oeptible before. 

6. When they disappear, the central dark spot always 
contracts into a point, and vanishes before the penumbra 
or border disappears. 

7. In the neighborhood of the large spots, the surface 
of the sun is covered with strongly-marked streaks or 
arms, more luminous than the rest, called faeuJa, among 
which the spots oflen break out. The $ark spots are 
sometimes called macula, 

8. The spots are all found within 80^ of the sun's 
equator, or in a zone of 60^ in width. 

9. In a series of experiments c<Miduoted by Prof. 
Henry, of Princeton, by means of a thermo-electricsl 
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apparatus, apj^ied to an image of the sun thrown on a 
screen from a diark room, it was found that the spots 
were perceptibly colder than the surrounding light sur- 
face. 

Concerning these wonderful spots a variety of opinions 
have prevailed and matiy curious theories have been 
constructed. Lalande, as cited by Herschel, suggests 
that they are the tops of mountains on the sun's surface^ 
laid bare by fluctuations in his luminous atmosphere; 
and that die penumbra are the shoaling declivities of 
the mountains, where the luminous fluid is less deep. 
Another gentleman, of some astronomical knowledge, 
supposes that the tops of the solar mountains are expo^ 
by tides in the sun's atmosphere, produced by planetary 
attraction. 

To the theory of Lalande, Dr. Herschel objects that 
it is contradicted by the sharp termination of both the in- 
ternal and external edges of the penurobrse; and ad* 
▼ances as a more probable theory, that " they are the 
dark, or at least comparatively dark, solid body of the 
sun itkelf, laid bare to our view by those immense fluctu- 
ations in the luminous regions of the atmosphere, to which 
it appears to be subject." Prof. Olmsted supports this 
theory by demonstrating that the spots must be ** nearly 
or quite in contact with the body of the sun." 

In 1773, Prof. Wilson, of the University of Glasgow, 
ascertained by a series of observations that the spots 
were probably '* vasi excavatioM in the luminous matter 
of the sun;" the nuclei being their bottom, and the 
umbrae their shelving sides.* This conclusion varies but 
little from that of Dr. Herschel, subsequently arrived 
at-t 



* A valuable psper upon the subject of the Mlar ipols, wiitten by 
the lamented Ebonezer Porter Mason, may be found in his dZMHent 
Memoir, by Prof. Olmsted, page 238. 

t Niehol's Solar System, pp. 12^-1% 
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Lesson 104. 

MAGNITUDE OF THE SOLAR SPOT& 
(Map 4.) 

The magnitude of the solar spots is as rariable as their 
number. Upon this point the map will give a correct 
idea ; as it is a pretty accurate representation of the 
sun's disc as seen by the writer on the 22d of September, 
1846. In 1799, Dr. Herschel observed a spot nearly 
30,000 miles in breadth ; and he further states, that 
others have been observed whose diameter was upwards 
of 45,000 miles. Dr. Dick observes that he has several 
times seen spots which were not less that ^ of the sun's 
diameter, or 22,192 miles across. 

It is stated, upon good authority, that solar spots have 
been seen by the naked eye — a fact, from which Dr. 
Dick concludes that such spots could not be less than 
50,000 miles in diameter. The observations of the 
writer, as above referred to, and represented on the map, 
would go to confirm this deduction, and to assign a still 
greater magnitude to some of these curious and interest- 
ing phenomena. 

Lessoi 109. 

BBYOLimOIf OF THE SUlf UPON HIS AXIS. 

(Map 4.) 

The axis of the sun is inclined to the ecliptic H^y or 
more accurately 7^ 20^. This is but a slight deviation 
from what we may call a perpendicular, so that in rela- 
tion to the earth, he may be considered as standing up 
and revolving with one of his poles resting upon a point 
just half his diameter below the ecliptic. The proof of 
his revolution is the same as that by which we determine 
the revolution of the planets, namely, the passage of spots 
over his disc. He revolves in the same direction in 
which the planets revolve around him, and the time oo- 
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cupied in making a complete sidereal revolution is 25 
days 10 hours. But when a particular spot has arrived 
opposite any particular star from which it started, in the 
direction of which the earth was 25 days and 10 hours 
before, the earth is found to have advanced some 24^, or 
1,700,000 miles in her orbit ; and the sun must actually 
turn a little more than once round, to appear to make a 
complete revolution to a beholder on the earth. His sy- 
nodic revolution consequently requires 27 days 7} hours, 
or near 46 hours more time than his sidereal revolution. 

Lesson 106. 

OIRBCTION, MOTIONS, AND PHASES OF THE SOLAR SPOTS« 

(Map 4.) 

As the result of the sun's motion upon his axis, his 
spots always appear first on his eastern limb, and pass off 
or disappear on the west. But though the direction of 
the spots, as viewed from the earthy is from east to west, 
it only proves his motion to coineide with that of the 
earth, which we call from west to east; as when two 
spheres revolve in the same direction, the sides towards 
each other will appear to move in opposite directions. 
During cme half of the passage of the spots across the 
sun's disc, their apparent motion is accelerated ; and du- 
ring the remainder it is retarded. 

This apparent irregularity in the motion of the spots 
upon the sun's surface, is the necessary result of an 
equable motion upon the surface of a globe or sphere. 
When near the eastern limb, the spots are coming partly 
towards us, and their angular motion is but slight ; but 
when near the centre, their angular and real motions are 
equal. So, also, as the spots pass on to the west, it is 
their angular motion only that is diminished, while the 
motion of the sun upon his axis is perfectly uniform. 

The figure of the sun affects not only the apparent 
velocity of the spots, but also their forms. When first 
seen on the east they appear narrow and slender, as 
represented on the lefl of Fig. 1. As they advance 
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westward, they continue to widen or enlarge till thej 
reach the centre, whese they appear largest, when they 
again begin to contract, and are constantly diminished 
till they disappear. 

Another result of the revolution of the aan upon aa 
axis iivclined to the ecliptic, and the revolution of the 
earth around him, is, that when viewed from our move- 
able observatory, the earth, at different seasons of the 
year, the direction of the spots seems materially to vary. 
This fact b illu&trated by Fig. 2. In June we have, so 
to speak, a side view of the sun, his pole being inclined 
to the leji. Of course, then, ais he revolves, his spots will 
appear to ascend in a straight line. In September we 
have passed around in our orbit, to a point qsposite the 
south pole of the sun, and the spots seem to curve up- 
ward. In December we have another side view of the 
sun, but we are opposite the point from which we had our 
first view, and on the other side of the ecliptic. The re- 
sult is, that the poles of the sun are now inclined to the 
right ; and the spots, in passing over his disc, incline 
downward. In March, we reach a point opposite the 
south pole of tlje sun, and the spots in revolving seem to 
curve downwards The polar inclination of the sun, as 
given in the figure, is greater than it actually is in nature, 
(see Lesson 49 and Map 8 ;) the present design being 
merely to illustrate the principle upon which we account 
for the peculiar motion of the solar spots. 

Lesson 107« 

PHYSICAL CONSTITUTION OF THB SUN. 

Concerning the physical nature of the sun, very little 
b known. As before said, it appears, when seen through 
a telescope, like a globe of fire, in a stale of violent com- 
motion or ebullition. La Place believed it to be in a 
state of actual combustion, the spots being immense cav- 
ems or craters, caused by eruptions or explosions of 
elastic fluids in the interior. 

The most probable opinion is, that the body, of the sun 
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is opaque, like one of the planets ; that it is surrounded 
by an atmosphere of considerable depth ; and that the 
light is sent off from a luminous stratum of clouds, float- 
ing above or outside the atmosphere. This theory accords 
best with his density, and with the phenomena of the so- 
lar spots. 

Of the temperaiture of the sun's surface, Dr. Herschel 
thinks that it must exceed that produced in furnaces, or 
even by chemical or galvanic processes. By the law rel- 
ative to the diffusion of light (Lesson 12) he shows that 
a body at the sun's surface must receive 300,000 times 
the light and heat of our globe ; and adds that a far less 
quantity of solar light is sufficient, when collected in the 
locus of a burning-glass, to dissipate gold and platina into 
vapor. 

The same writer observes that the most vivid flames 
disappear, and the most intensely ignited solids appear 
only as black spots on the^disc of the sun, when held be- 
tween him and the eye. From this circumstance he in- 
fers that however dark the body of the sun may appear, 
when seen through its spots, it may, nevertheless, be in a 
state of most intense ignition. It does not, however, follow 
of necessity that it must be so. The contrary is at least 
physically possible. A perfectly reflective canopy would 
effectually defend it from the radiation of the luminous re< 
gions above its atmosphere, and no heat would be conducted 
downward through a gcusieous medium increasing rapidly 
in density. 

The great mystery, however, is to conceive how so 
enormous a oon^ag ration (if such it be) can be kept up 
from age to age. Every discovery in chemical science 
here leaves us completely at a loss, or rather seems to 
remove farther from us Ihe prospect of explanation. If 
conjecture might be hazarded, we should look rather to 
the known possibility of an indefinite generation of heat 
by friction, or to its excitement by the electric discharge, 
than to any actual combustion of ponderable fluid, whether 
solid or gaseous, for the origin of the solar radiation.* 

* Henchel's Treatise on Astronomy. 
13 
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Lesson lOS. 

THB ZODIACAL U6HT. 

The Zoduical Light is a faint nebulous light, resem- 
bling the tail of a cometi or the milky-way, which seems 
to be reflected from the regions about the siin ; and is 
distinguishable from ordinary twilight. Its form is that 
of a pyramid or cone, with its base towards the sun, and 
inclined slightly to the ecliptic. It seems to surround 
the sun on all sides, though a^ various depths, as it may 
be seen in the morning preceding the sun, as well as in 
the evening following him ; and the bases of the cones 
where they meet at the sun, are much larger than his 
diameter. 

The form of this substance surrounding the sun, and 
which is sufRciently dense to reflect his light to the 
earth, seems to be that of a lens ; or rather that of a 
huge wheel, thickest at the centre, and thinned down 
to an edge at the outer extremities. Its being seen 
edgewise, and only one-half at a time, gives it the ap. 
pearance of two pyramids with their bases joined at the 
sun. 

Of the nature of this singular phenomenon very little 
is positively known. It was formerly thought to be the 
atmosphere of the sun. Prof. Nichol says : — Of this at 
least we are certain — ^the Zodiacal Light is a phenom- 
enon precisely similar in kind to the nebulous atmo- 
6))heres of the distant stars, 6z;o. Sir John Herschel re- 
mat ks, that it is manifestly of the nature of a thin 
lenticu^rly-formed atmosphere, surrounding the sun, 
and ex 1,6. 'ling at least beyond the orbit of Mercury, and 
even of \ nus. He gives the apparent angular dis- 
tance of its vertex from the sun, at from 40^ to 90^ ; 
and the breadth of its base from 8^ to 30^. It sometimes 
extends 50^ westward, and 10^ east of the sun at the 
same time. 

In regard to its atmospheric character, Dr. Dick ob- 
serves, tnat this opinion now appears extremely dubious ; 
and Prof. Olmsted refers to La Place, as showing that 
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the solar ati/iosphere could never reach so far from the 
sun as this light is seen to extend. 

Another class of astronomers suppose this lights or 
rather the substance reflecting this light, to be some of 
the original matter of which the sun and planets were 
composed — a thin nebulous substance in a state of con* 
densation, and destined either to be consolidated into new* 
planetary worlds, during the lapse of coming ages, or to 
settle down upon the sun himself as a part of his legiti- 
mate substance. This theory will be noticed again when 
we come to speak of Nebulee and Nebulous Stars, in the 
"second part of this work. 

Prof. Olmsted supposes the Zodiacal Light to be a 
nebulous body, or a thin vapory mass revolving around 
the sun ; and that the Meteoric Showers, which have oc- 
curred for several years, in the month of November, may 
be derived from this body. This is the opinion of Arago, 
Biot, and others. 

The best time for observing the Zodiacal Light is on 
clear evenings, in the months of March and April. It 
may be seen, however, in October, November, and De- 
cember, before sunrise ; and also in the evening sky. 

It is an interesting fact, stated by Prof. Nichol, that 
this light, or nebulous body, lies in the plane of the sun's 
equator. A line drawn through its transverse diameter, 
or from one apex of the pyramids to the other, would 
cross the axis of the sun at right angles. This fact 
would seem to indicate a revolution of this curious sub- 
stance with the sun upon his axis. 

But, as already stated, the subject of the Zodiacal 
Light is in an unsettled state. Afler considering the 
various facts and theories stated, the learner must wait 
till future observations and discoveries shall furnish some- 
thing upon this point more definite and satisfactory. 

Lesson 109* 

MOTION OF THB SUH IS SPACB. 

Although in general terms we speak of the Sun as the 
ed centre of the Solar System, still the sublime and 
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astonishing fact has been ascertained, that the sun, and 
the whole Solar System, have an actual motion in space* 
Indeed the sun may be said to have three distinct motions. 

1. It has a revolution upon its own axis, once in 25 
days' 9^ hours, as described in Lesson 105. 

2. " It has a periodical motion, in nearly a circular 
^direction, around the common centre of all the planetary 

motions ; never deviating from its position by more than 
twice its diameter." From the known laws of gravita- 
tion, it is certain that the sun is affected in some measure 
by the attraction of the planets, especially when many of 
them are found on the same side of the ecliptic at the 
same time ; but this would by no means account for so 
great a periodical motion. 

3. It is found to be moving, with all its retinue of 
worlds, in a vast orbit, around some distant and unknown 
centre. This opinion was first advanced, we think, by Sir 
William Herschel ;^but the honor of actually determining 
this interesting fact belongs to Struve, who ascertained 
not only the directum of the sun and Solar System, but 
also their velocity. The point of tendency is towards the 
constellation of stars called Hercules, Right Ascension 
2590, Declination 35o. See Lessons 47, 48. The vehci^ 
ty of the sun, &c., in space, is estimated at about 28,000 
miles per hour, or nearly 8 miles per second ! 

With this wonderful fact in view, we may no longei 
consider the sun as fixed and stationary, but rather as a 
vast and luminous planet, sustaining the same relation to 
some central orb, that the primary planets sustain to him, 
or that the secondaries sustain to their primaries. Nor 
is it necessary that the stupendous mechanism of nature 
should be restricted even to these sublime proportions. 
The sun s central body may also have its orbit, and its 
centre of attraction and motion, and so on, till, as Dr. 
Dick observes, we come to the great centre of all — to the 
Throne of God. 

Since the above was written an article has appeared in 
several European journals, announcing the probable dis- 
covery of the sun's central orb; the inclination of his 
orbit to the plane of the ecliptic ; and his periodic time ! 
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As it contains several interesting calculations, and is 
otherwise a remarkable paper, it is here copied for the 
benefit of the student. 

THB CBNTRAL ST7N. 

At the close of the meeting of the Royal Irish Acad, 
amy, on the 14th of December, [1846,] Sir William 
Hamilton announced that he had just received from Pro- 
fessor Madler, of Dorpat, the extraordinary and ex- 
citing intelligence of the presumed discovery of a central 
sun ! 

By an extensive and laborious comparison of the 
quantities and directions of the proper motions of the 
stars in various parts of the heavens, corpbined with in- 
dications adbrded by the parallaxes hitherto determined, 
and with the theory of universal gravitation. Professor 
Madler has arrived at the conclusion that the Pleiades 
form the central group of our whole astral or sidereal 
system, including the Milky Way and all the brighter 
stars, but exclusive of the more distant nebulsB, and of 
the stars of which those nebulee may be composed. And 
within this central group itself he has been led to fix on 
the star Alcyone, (otherwise known by the name of 
8 Tauri,) as occupying exactly or nearly the position of 
the centre of gravity, and as entitled to be called the 
central sun. 

Assuming Bessel's parallax of the star 61 Cygni, long 
since remarkable for its large proper motion, to be cor. 
rectly determined, Midler proceeds to form a first ap- 
proximate estimate of the distance of this central body 
from the planetary or solar system ; and arrives at the 
(provisional) conclusion, that Alcyone is about thirty- 
four million times as far removed from us, or from our 
own sun, as the latter luminary is from us. It would, 
therefore, according to this estimation, be at least a million 
times as distant as the new planet, of which the theor«^ti- 
cal or deductive discovery has been so great and beautiful 
a triumph of modern astronomy, and so striking a confir- 
mation of the law of Newton. The same approximaie 
determination of distance conducts to the result, that the 

13* 
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^ 

light of the central sun occupiea more than five centuriec 
in travelling thence to us. 

The enormous orbit which our own sun, with the earth 
and the other planets, is thus inferred to be describini^ 
about that distant centre — ^not indeed under its influence 
alone, but by the combined attractions of all the atars 
which are nearer to it than we are, and which are esti- 
mated to amount to more than one hundred and seventeen 
millions of masses, each equal to the total mass of our 
own Solar System — ^is supposed to require upwards of 
eighteen millions of years for its complete description, at 
the rate of about eight geographical miles in every second 
of time. 

The plane of this vast orbit of the sun is judged to have 
an inclination lof about eighty-four degrees to the ecliptic, 
or to the place of the annual orbit of the earth ; and the 
longitude of the ascending node of the former orbit on the 
latter is concluded to be nearly two hundred and thirty, 
■even degrees. 



CHAPTER VIII. 

MISCELLANEOUS REMARKS UPON THE SOLAR SYSTEM 

Lesson llO. 

NSBULAR THBORT OF THE ORIGIN OF TH£ SOLAR SYSTEM. 

It was the opinion of La Place, a celebrated French 
astronomer, that the entire matter of the Solar System, 
which is now mostly found in a consolidated state, in the 
Bun and planets, was once a vast nebula^ or gaseous va- 
por, extending beyond the orbits of the most distant 
planets — ^that in the process of gradual condensation, by 
attraction, a rotary motion was engendered and imparted 
to the whole mass — ^that this motion caused the consolida- 
ting matter to assume the form of various' concentric 
rings^ like those of Saturn; and, finally, that these rings, 
collapsing, at their respective distances, and still retaining 
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their motion, were gathered up into flaneis^ as they are 
now found to exist. This opinion is supposed to be fa- 
vored, not only by the fact of Saturn's revolving rings, 
but by the existence of the Zodiacal Light, gr a resisting 
medium about the sun, (108,) and also by the character 
of irresolvable or planetary nebulee, hereafter to be de- 
scribed. 

On the other hand, the nebular theory is open to many 
plausible, if not insurmountable objections. 

1. It seems to be directly at variance with the Mosaic 
account of the creation of the sun, moon, and stars. 
The idea that the sun and all the planets were made up, 
so to speak, out of the same general mass, not only 
throws the creation of this matter back indefinitely into 
eternity, but it substitutes the general law of attraction 
for the more direct agency of the Almighty. The crea- 
tion spoken of in the Bible thus becomes, not the origina* 
tijig of things that did not previously exist, but the mere 
organization, or arrangement of matter already existing. 
And as attraction — the supposed agency in this arrange- 
ment — is still in operation, the creation of all things is 
resolved into an ordinary, we might almost say, an every- 
day occurrence. 

2. The supposed cpnsolidation of the nebulous mass, 
in obedience to the general law of attraction, does not of 
itself account for the rotary motion which is an essential 
part of the theory. Under the influence of mere attrac- 
tion, the particles must tend directly towards the centre 
of the mass, and consequently could have no tendency to 
produce a rotary motion auring the process of conden- 
sation. 

3. The variation of the planetary orbits from the 
plane of the sun's equator, contradicts the Nebulat 
theory. If the several primary planets were succes- 
sively thrown off from the general mass, of which the 
sun is a part, they could not have been separated from 
the parent body, till they were near the plane of its 
equator. Now, as the sun is assumed to ^)e a part ot 
the same mass, revolving still, the theory would require 
that the portions now separated from him and called 
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planets, should still revolve in the plane of his equator. 
But instead of this being a fact, it is found that some of 
them vary from this plane to the amount of near 42^. 
See Lessons 32 and 105, and the maps. 

4. This theory assumes not only that the primary 
planets were thrown off from the parent mass by its 
xapid revolution, but that the primaries in turn threw off 
their secondary planets or satellites. These of course, 
then, should all revolve in the plane of the planetary 
equators respectively, and in the direction in which their 
primaries revolve. But their orbits not only depart from 
the plane of the equators of their primaries, Jupiter's 
satellites excepted, (Lessons 70, 61, 82, 83,) but the 
moons of Herschel actually have a retrograde or back- 
ward revolution. See 83. 

5. If the sun and planets are composed of what was 
originally the same mass, it will be necessary to show 
why they differ so materially in their physical nature — 
why the sun is self-luminous and the planets opaque, &c. 

But we have not room to discuss the subject at lengrth 
in this treatise. It is but justice, however, to say, that 
men eminent for learning and piety have advocated what 
is called the Nebular Theory, in the belief that it was per- 
fectly consistent with the Mosaic account of the creation 
of the heavens and the earth. If the opinion of the wri- 
ter is desired, he is frank to state, that while he acknow- 
ledges the force of some of the considerations urged in 
its support, he has not yet seen reason for adopting this 
thory of the formation of the Solar System. 



Lesson 111. 

LAWS OF PLANBTABY MOTION. 

(Map 7.) 

There are three general principles which govern 
the motions of all the planets. These were first discov. 
ered by Kepler, a Grerman astronomer, from whom they 
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have since been called Kepler^s laws. They are as fal- 
lows: 

1. The orbits of the Earthy and all the Planets^ are 
BLLiPSES, having the Sun in the common focus. . 

" The ellipse is a curve, of an oval or elongated form, 
all the points of which lie in the same plane. The 
largest diameter of an ellipse is called the major, or 
transverse axis. It divides the curve into .two equal 
parts. The foci are two points in the transverse axis, 
equally distant from the centre. If from any point of 
the curve two lines be drawn to the two foci, their sum 
will be equal to the transverse axis. Since the sun is 
in one of the foci of the elliptical orbit of a planet, the 
latter will, at different times, be at unequal distances 
from the sun." At whatever point in its orbit a planet 
may be, a line drawn from its centre to the centre of 
the sun, is called the radius vector, 

2. The radius vector ^ (or line drawn from the centre of 
the Sun to the centre of any Planet revolving around Uy^S 
describes equal areas in equal times. 

The nearer a planet is to the sun, the more rapid its 
motion, (19.) It follows, therefore, that if the orbit of 
a planet is an ellipse, with the sun in one of the foci, its 
rate of motion will be unequal in different parts of its 
orbit, — swiflest at perihelion, and slowest at aphelion. 
From perihelion to aphelion, the centripetal more direct- 
ly counteracts the centrifugal force, (20,) and the planet 
is retarded. On the other hand, from the aphelion to 
the perihelion point, the centripetal and centrifugal 
forces are united, or act in a similar direction. They 
consequently hasten the planet onward, and its rate of 
motion is constantly accelerated. 

Now suppose when the planet is at a certain point 
near its perihelion, we draw a line from its centre to the 
centre of the sun. This line is the radius vector. At 
the end of one day, for instance, after the planet has 
advanced considerably in its orbit, we draw another line 
in the same manner to tho sun's centre, and estimate the 
area between the two lines. At another time when the 
planet is near its aphelion, we note the space over which 
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the radius vector travels in one day, and estimate its 
area. On comparison it will be found) that notwith- 
standing the unequal velocity of the planet, and con- 
sequently of the radius vector, at the two ends of the 
ellipse, the area ovei*. which the radius vector has 
travelled is the same in both cases. The same principle 
obtains in every part^of the planetary orbits, whatever 
may be their elliptioitj or the mean disftince of the 
planet from the sun; hen'oe the rule, that (Atf ^(Lditu vector 
describes equal areas in equal times.* 

3. The squares of ike periodic times are 
ike mean distances from tite Sun. 

'^Take, for example, the earth and 
periods are 365.2564 and 686.9796 days, 
distances from the sun are in the proportiol 
1.52369; and it will be found that 



(365.2564)* : (686.9796)* : : (1)' : (1.528< 

<< The mass of the earth being far smaller thai 
the sun, the moon describes a proportionally small 
round it in a*moment of time. 

" So, Herschel, Saturn, and Jupiter having greatei 
than the earth, their satellites make greater arei 
their primaries, in a moment of time, than our m( 
round the earth. Still, this third law of Kep| 
in each secondary system. Among the satelll 
same system, the squares of the periodical tii 
ways as the cubes of their mean distances froi 
mary of the system." 

According to these laws, which are known to prevail 
throughout the Solar System, many of the facts of astron- 
omy are deduced from other facts previously ascertained. 
They are, therefore, of great importance ; and should be 
studied till they are, at least, thoroughly understood, if 
not committed to memory. The first is illustrated in 
several of the maps, and, as before said, the ingenious 
teacher will readily illustrate the second by a simple 
diagram upon a slate or black-board. It would be a very 
useful exercise for the pupil to test the table in which this 
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distances and periodic times are given, by this third law. 
See Lessons 8 and 18. 



Lesson 113/ 

MINIATITEE REPRESENTATION OF THE SOLAB SYSTEM. 

At the close of his remarks on the Primary Planets,* 
Sir John Herschel has a most graphic and interesting 
description of the Solar System in miniature, which is 
here inserted for the perusal of the learner. 

Choose any well-levelled field or bowling-green. On 
it place a globe two feet in diameter : this will represent 
the Sun ; Mercury will be repiresented by a grain of 
mustard-seed, on the circumference of a circle 164 feet 
in diameter for its orbit ; Venus a pea, on a circle 284 
fett in'diameter; the Earth also a pea, on a circle of 
430 feet ; Mars a rather large pin's head, on a circle of 
654 feet ; Vesta, Juno, Ceres, and Pallas, [also AstrsBa,] 
'grains of sand, in orbits of lOOO to 1200 feet ; Jupiter a 
moderate-sized orange, on a circle nearly half a mile 
across ; Saturn a small orange, on a circle of foui -fifths 
of a mile; and Herschel a full-sized cherry, or small 
plum,* upon a circumference of a circle more than a mile 
and a half in diameter. ♦ ♦ ♦ • ♦ 

To imitate the motions of the planets, in the above- 
mentioned orbits. Mercury must revolve in its orbit in 41 
seconds ; Venus in 4 mm. 14 sec. ; the Earth in 7 min. ; 
Mars in 4 min. 48 sec. ; Jupiter in 2 h. 50 min. ; Saturn 
in 3 h. 13 min. ; and Herschel in 2 h. 16 min. 

So far as relative magnitude is concerned, it will be 
easy to discover the general accuracy of Maps 2 and 4, 
according to the representations of Dr. Herschel, a^ above 
quoted. It is proper, however, to remark, that the maps 
were drawn by the author by a regular and exact scale, 
without any reference to the foregoing, or any recollec- 
tion of its existence. 



*\ 
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Lesson 113. 

WERE THE ASTEROIDS ORIGINALLY ONE PLANET ? 

1. Some very curious speculations have been entcF- 
tiained by astronomers in regard to the origin of the As* 
teroids. As in the case of the recently discovered planet 
Le Verrier, the existence of a large planet between the 
orbits of IVfars and Jupiter was suspected before the As- 
teroids were known. This suspicion arose mainly from 
the seeming chasm that the absence of such a body would 
leave in the otherwise well-balanced Solar System. 

2. The prediction that such a body would be discovered 
in the future stimulated the search of astronomers, till at 
length, instead of one large planet, Jive small ones were 
one after another discovered. For the time of their dis* 
oovery, see Lesson 67. 

3. From certain peculiarities of the Asteroids, it has 
been considered highly probable that they were originally 
one large planet, which had been burst asunder by some 
ffreat convulsion or collision, and of which they are the 
tt*agments. The grounds of this opinion are as follows: 

(1.) The Asteroids are much smaller than any of the 
other primary planets. . Lesson 14. 

(2.) They are all at nearly the same distance from the 
sun, as will be seen by Lesson 8. 

(3.) Their periodic revolutions are accomplished in 
nearly the same time. (Lesson 18.) The difference of 
their periodic times is not greater than might result from 
the supposed disruption, as the parts thrown/bnoard would 
have their motion accelerated, while the other parts would 
be thrown back or retarded; thus changing the periodic 
times of both. 

(4.) The great departure of the orbits of the Asteroids 
from the plane of the ecliptic is supposed to favor the 
hypothesis of their having been originally one planet, the 
assumption being that the explosion separating the ori- 
ginal body into fragments would not only accelerate some 
portions and retard others, but would also throw them out 
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of the plane of the original orbit, and in some cases still 
further from the ecliptic. 

(5.) Their orbits are more eccentric than those of the 
other primaries, (46.) Although the table shows the 
eccentricity of Herschel's orbit as greater m miles than 
that of even Juno or Pallas, yet when we consider the 
difference in the magnitude of their orbits, it will easily 
be seen that his orbit is less elliptical than theirs. 

(6.) The orbits of Ceres and Pallas, at least, crass each 
ether, as shown in Map 2. This, if we except perhaps 
the orbits of the comets, is a perfect anomaly in the Solar 
System. 

From all these circumstances, it has been concluded 
that the Asteroids are only the fragments of an exploded 
world, which have assumed their present forms since the 
disruption, in obedience to the general laws of gravita- 
tion. This theory of Dr. Gibers, is favored by Prof; 
Nichol, Dr. Brewster, Dr. Dick, and others ; while Sir 
John Herschel observes that it may serve as a specimen 
of the dreams in which astronomers, like other specula- 
tors, occasionally and harmlessly indulge.* Dr. Dick 
remarks, that the breaking up of the exterior crust of the 
earth, at the time of the general deluge, was a catas- 
trophe as tremendous and astonishing as the bursting 
asunder of a large planet.f 

The late General Root, of Delhi, was of opinion that 
the Asteroids were primarily satellites cf Mars ; which, 
as if dissatisfied with their low ooiidition as mere attend- 
ants upon another, and one, too, not i^uch larger than 
themselves, have wandered from their original spheres, 
and assumed the character of primaries. The reasons for 
this opinion, as stated to the author by Gen» Root, in the 
fall of 1846, are quite as satisfactory as the evidences by 
which the theory of Dr. Gibers is supported. But this is 
not endorsing either the one or the other. Indeed, in view 
of the harmontf and order that everywhere reign through- 
out the planetary regions, directing the pathway and con- 
trolling the destiny of every world, it is hard to believe 

• Treatise, p. 163. t Celestial Scenery, p. 140 
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that any planet has either been broken to pieces by some 
mighty explosion or concussion, or wandered from its 
prescribed path into a new and essentially different orbit. 

Lesson 114. 

ARE THE PLANETS INHABITED BT RATIONAL BEINGS ? 

Upon this interesting question, it must be admitted, 
that we have no positive testimony. The argument in 
the affirmative is based wholly upon analogies, and the 
conclusion is to be regarded only in the light of a legiti- 
mate inference. Still, it is remarkable that those who 
are best acquainted with the facts of .astronomy are 
most confident that other worlds, as well as ours, are the 
abodes of intellectual life. Indeed, as Dr. Dick well re- 
marks, it requires a minute knowledge of the whole 
scenery and circumstances connected with the planetary 
system, before this truth comes home to the understand- 
ing with full conviction. 

It is *not proposed, in this lesson, to discuss at length 
the question of a plurality of worlds, but merely to give 
the heads of the arguments by which this doctrine is 
supported, leaving the reader to amplify them by reflec- 
tion, or to pursue the inquiry, at his leisure, in more 
elaborate works. Perhaps no writer has done better jus- 
tice to this subject than Dr. Dick,'*' to whom we are in- 
debted for many of the arguments with which this lesson 
Is enriched. 

1. The planets are all solid bodies resembling the 
earth, and not mere clouds or vapors. 

2. They all have a spherical or spheroidal fgure^ like 
our own planet. 

3. The laws of gravitation, by which we are kept upon 
the surface of the earth, prevail upon all the other planets, 
as if to bind races of material beings to their surfaces, and 
provide for the erection of habitations and other conve- 
niences of life. 

* Celettml Scenery, pp. 331->363 
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4. The magmttides of the planets are such as to afford 
ample soope for the abodes of myriads of inhabitants. It 
is estimated that the solar bodies, exclusive of the comets, 
contain an area of 78,000,000,000 of square miles ; or 
397 times the surface, of our globe. According to the 
population of England, this vast area would afibrd a resi- 
dence to 21,875,000,000,000 of inhabitants; or 27,000 
times the population of our globe. 

5. The planets have a diurnal revolution around their 
axes, thus afibrding the agreeable vicissitudes of day and 
night. Not only are they opaque bodies like our globe, 
receiving their light and heat from the sun, but they also 
revolve so as to distribute the light and shade alternately 
over each hemisphere. There, too, the glorious Sun 
arises, to enlighten, warm, and cheer ; and there " the 
sun-strown firmament" of the more distant heavens is 
rendered visible by the no less important blessing of a 
periodic night. 

It is very remarkable, also, that those planets whose 
bulks are such as to indicate an insupportable attractive 
force, are not only less dense than our globe, but they 
have the most rapid daily revolution ; as if by diminished 
density, and a strong centrifugal force combined, to re- 
duce the attractive force, and render locomotion possible 
upon their surfaces. 

6. All the planets have an annual revolution round the 
sun ; which, in connection with the inclination of their 
axes to their respective orbits, necessarily results in the 
production of seasons. 

7. The planets, in all probability, are enveloped in aU 
tnospheres. That this is the case with many of them is 
certain ; and the fact that a fixed star or any other orb 
is nbt rendered dim or distorted when it approaches their 
margin, is no evidence that the planets have no atmo- 
sphere. This appendage to the planets is known to vary 
in density ; and in those cases where it is not detected 
by its intercepting or refracting the light, it may be of a 
nature too clear and rare to produce such phenomena. 

8. The principal primary planets are provided with 
moons or satellites^ to afford them light in the absence of 
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the sun. It is not improbable that both Mars and Venus 
have each, at least, one moon. The earth has one, and 
as the distances of the planets are increased, the number 
of moons seems to increase. The discovery of only six 
abound Herschel is no evidence that others do not exist 
which have not yet been discovered. 

9. The surfaces of all the planets, primaries as well 
as secondaries, seem to be variegated with hill and daie, 
with mounUun and plain. 

Every part of the globe we inhabit is destined to the 
support 01 animal life. It would, therefi>re, be contrary 
to the analogy of nature, as displayed to us, to suppose 
that the other planets are empty and barren wastes, ut- 
terly devoid of animated being. The inquiry presses 
itself upon the mind with irresistible force, Why should 
this one small world be inhabited, and all the rest unoc- 
cupied 1 For what purpose were all these splendid and 
magnificent worlds fitted up, if not to be inhabited ? Why 
these days and years — ^this light and shade — ^these atmo- 
spheres, and seasons, and satellites, aj:id hill and dale ? 
The legitimate, and almost inevitable conclusion is, that 
our globe is only one of the many worlds which Grod has 
created to be inhabited, and which are now the abodes of 
his intelligent offspring. It is revolting to suppose that 
we of earth are the only intelligent subjects of the 
^ Great Kino,'' whose dominions border upon infinity. 
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PART II. 

THE SIDEREAL HEAVENS, 



CHAPTER I. 

OF CONOTELLATIONS OF STARS. 

Lesson 115. 

DISTINGUISHING CHARACTERISTICS OF THE FIXED STABS. 

The Sidereal Heavens embrace all those celestial bod. 
ies that lie around and beyond the Solar System, in the 
region of the Fixed Stars. 

The Fixed Stars are distinguished from the Solar Bodies 
by the following characteristics : 

1. They shine by their own light, like the sun, and not 
by reflection, 

2. To the naked eye they seem to twinkle or scintiU 
late ; while the planets appear tranquil and serene. 

3. They maintain the same general positions with re- 
spect to each other, from age to age. 

4. They are inconceivably distant^ so that "when view- 
ed through a telescope they present no sensible disc, but 
appear only as shining points on the dark concave of the 
sky. 

To these might be added several other peculiarities 
which will be noticed in the sequel, but they are not ne- 
cessary to our present purpose. 

Lessen 116. 

CLASSIFICATION OF- THE STARS. 

, (Map 16.) 

For purposes of convenience in finding or referring to 
particular stars, recourse is had to a variety of artificial 

14* 
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methods of classifieation, with which the pupil should here 
become acquainted. 

1. The whole concave of the heavens is divided into 
sections of greater or less extent, called Constellations. 
For the origin of these most unnatural and arbitrary di- 
visions, consult Lesson 86. A list of the constellations 
will be found in a subsequent chapter. 

2. The stars are all classed according to their magm- 
iudes. There are usually reckoned twelve different 
magnitudes, of which the first six only are visible to the 
naked eye, the rest being telescopic stars. This meigni. 
tude, of course, relates only to their apparent brightness, 
as the faintest star may appear dim solely on account of 
•ts immeasurable distance. 

Fig. A on the map is a representation of the first eight 
magnitudes, the two smallest of which will be invisible 
to the pupil at a distance. " It must be observed," says 
Dr. Herschel, " that this classification into magnitudes is 
entirely arbitrary. Of a multitude of bright objects, diC 
fering, probably, intrinsically both in size and in splendor, 
and arranged at unequal distances from us, one must of 
necessity appear the brightest ; the one next below it 
brighter still, and so on." 

3. The next step is to classify the stars of each constel- 
lation according to their magnitude in relation to each 
other, and without reference to other constellations. In 
this classification the Greek alphabet is first used. For 
instance, the largest star in Taurus would be marked (a) 
Alpha ; the next largest (p) Beta ; the next (y) Gamma, 
&c. When the Greek alphabet is exhausted, the Roman 
or English is taken up ; and when these are all absorbed, 
recourse is finally had to figures. 

4. To aid still further in finding particular stars, and 
especially in determining their numbers, and detecting 
changes, should any occur, astronomers have constructed 
Catahgues of the stars, one of which is near 2,000 years 
old. 

5. Several of the principal stars have a specific name 
like the planets ; as Sirius, Aldeharan, Regultts, &c. 

6. Clusters of stars in a constellation sometimes re- 
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ceive a specific name, as the Pleiades and Hyades in 
Taurus. 

7. The stars are still further distinguished into Double, 
Triple, and Quadruple stars ; Binary System ; Variable 
Stars ; Periodic Stars ; Nebulous Stars, dec. ; all of 
which will be duly noticed as we proceed. But we must 
first consider the more general divisions of the starry 
heavens. 

Lesson 117. 

NUMBER OF THE FIXED STARS. 

The actual number of the stars is known only to Him 
who *< telleth the number of the stars," and " calleth them 
all by their names." The powers of the human mind are 
barely sufficient to form a vague estimate of the number 
Dear enough to be seen by our best telescopes, and here 
our inquiries must end. 

The number of stars down to the twelfth magnitude) 
has been estimated as follows : 



Visible to 
the naked 
eye, 



Visible 
only thro' < 
tel'scopes. 



1st magnitude. 


18 


" 


2d 


(( 


52 




3d 


it 


177 




4th 


it 


376 




5th 


u 


1,000 




6th 


It 


4,000 


5,628 






7th 


tt 


26,000 




8th 


It 


170,000 




9th 


tt 


1,100,000 




10th 


tt 


7,000,000 




11th 


tt 


46,000,000 




12th 


tt 


300,000,000 


354,296,000 







Total number, 354,301,623 

Of these stars. Dr. Herschel remarks that from 15,000 
to 20,000 of the first seven magnitudes are already regi$» 
teredf or noted down in catalogues *, and Prof. Olmsted 
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observes that Lalande has registered the positions of no 
less than 50,000. 

" If we suppose," says an eloquent writer, " that each 
of these suns is accompanied only by as many planets as 
are embraced in our Solar System, we have fiot thousand 
mUlions of toorlds in our firmament. No human mind 
can form a oonoeptioh of this number ; but even these, as 
will hereafter be shown, form but a minute and compara- 
tively insignificant portion of the boundless empire which 
the Creator has reared, and over which he reigns. Eter- 
nal ages may glide joyfully along, as the Christian ex- 
plores these wonderful worlds', of every variety of form 
and character, and partakes of the hospitalities of their 
blissful inhabitants. It is pleasant to tread the pavements 
of a foreign city — to traverse the glaciers of the Alps— 
to glide over the surface of the Nile in the midst of the 
mouldering remains of its past grandeur ; but what are 
all these, compared to the journey of a rejoicing spirit to 
these sublime mansions of the Deity ?" 

Lesson US. 

DISTANCES OF THE STARS. 

It has been demonstrated that the nearest of the fix^ 
stars cannot be less than 20,000,000,000,000— ^toen(^ 
hillions of miles distant ! For light to travel over this 
space at the rate of 200,000 miles per second, would re- 
quire 100,000,000 seconds, or upwards of three years. 

What then must be the distances of the telescopic 
stars, of the 10th and 12th magnitudes ? << If we admit," 
says' Dr. Herschel, ** that the light of a star of each roa^. 
nitude is half that of the magnitude next above it, it will 
follow that a star of the first magnitude will require to 
be removed to 362 times its distance, to appear no largei 
than one of the twelfth magnitude. It follows, therefore, 
that among the countless multitude of such stars, visible 
in telescopes, there must be many whose light has taken 
at least a thousand years to reach us ; and that when we 
observe their places, and note their chani^es, we are, ia 
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fact, reading only their history of a thousand years' 
date, thus wonderfully recorded.'' 

Should such a star be struck out of existence now, its 
light would continue to stream upon us for a thousand 
years to come; and should a new star be created in 
those distant regions, a thousand years must pass away 
before its light could reach the Solar System, to apprize 
us of its existence. 



Lesson 119. 

MAGNITUDE OF THE STABS. 

From what we have already said respecting the almost 
inconceivable distances of the fixed stars, it will readily 
be inferred that they must be bodies of great magnitude, 
in order to be visible to us upon the earth. It is probable, 
however, that "one star difTereth from another" in its in- 
trinsic splendor or " glory," although we are not to infer 
that a star is comparatively small, because it appears 
small to us» 

The prevailing opinion among astronomei's is, that 
what we call the fixed stars are so many suns, and 
centres of other systems. By a series of experiments 
upon the light reoei^ved by us from Sirius, the nearest of 
the fixed stars, it is ascertained that if the sun were re- 
moved 141,400 times his present distance from us, or 
thirteen billions of miles, his light would be no stronger 
than that of Sirius ; and as Sirius is more than twenty 
billions of miles distant, he must, in intrinsic magnitude 
and splendor, be equal to two suns like ours. Dr. 
WoUdston, as cited by Dr. Herschel, concludes that this 
star must be equal in intrinsic light to nearly fourteen 
suns f 

According to the measurements of Sir Wm. Herschel, 
the diameter of the star Vega in the Lyre, is 88 times 
that of the sun, and its solid contents 54,872 times 
greater ! The star numbered 61 in the Swan, is esti- 
mated to be 200,000,000 miles in diameter. 

Sir John Herschel states that while making observa* 
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tioha with his forty-feet reflector, a star of the first mag* 
nitude was uninteDtionally brought into the field of view. 
** Sinus," says he, <* announced his approach like the 
dawn of day ;'' and so great was his splendor when thus 
viewed, and so strong was his light, that the great as- 
tronomer was actually driven from the eye-piece of his 
telescope by it, as if the sun himself had suddenly burst 
upon his view. He was obliged to employ a colored 
screen, as in the case of solar observations, to protect his 
eye from the strong and glowing radiance. 

According to Sir Wm. Herschel, the relative light of 
the stars of the first six magnitudes is as follows : 

Light of a star of the average 1st magnitude 100 

u «« u 

it a a 

« « (( 

M U i€ 
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LIST OF THE CONSTELLATIONS. 

Of the nature and origin of the constellations we have 
already spoken in Lesson 36. Their formation has been 
the work of ages. Some of them were known at least 
8,000 years ago, and bore the very names by which they 
are known to this day. In the 9th chapter of Job we 
read of *' Axcturus, Orion, and Pleiades, and the chambers 
of the south ;" and in the 38th chapter of the same book, 
it is asked, *< Canst thou bind the sweet influences of 
Pleiades, or loose the bands of Orion ? Canst thou bring 
forth Mazzaroth in his season I or canst thou guide 
Arcturus with his sons ?" 

: At first tha number of constellations was few. Being 
found convenient in the study of the heavens, new ones 
were added to the list, composed of stars not yet made 
up toto hydras and dragons, till there is now scarcely 
stars or room enough left to coiistruct the smallest new 
constellation, in all the spacious heavens. 



CONSTELLATIONS. IQJ 

The constellations are divided into the Zodiacal, the 
Northern, and the Soidhem» 

The Zodiacal Constellatioru are those which lie in the 
sun's apparent path, or along the line of the Zodiac. 
See Lesson 36, and the map. 

The Northern Constellations are those which lie be- 
tween the Zodiacal and the North Pole of the heavens. 

The Southern Constellations lie between the Zodiacal 
and the South Pole of the heavens. 

The constellations are also distinguished into ancient 
and modem. The following is a list of all the constella- 
tioils, both ancient and modern, with the number of prin- 
cipal stars in each, according to Ptolemy's Catalogue, 
and aUo that of the Observatory Royal of Paris. 

I. 
ZODIACAL CONSTELLATIONS. 

Latin names. Gngliih names. Ptol's. Ob. B. 

1 T Aribb. The Ram, 18 43 

S e5 Taurub. The Bull. 44 207 

3 n Gemini. The Twin*, 2.5 64 

4 ^ Cancer. The Crab, 33 85 

5 £[, Lsa The Lion. 3^ 93 

6 t^ ViRoo. The Virgin, 32 117 

7 t^ Libra. The Scale. " 07 67 

8 V\ Scorpio. The Scorpion, 27 60 

9 / SAOiTTAKii'B. The Archer. 31 94 

10 V3 CArRicoRMTB. The Goat. f^ 64 

11 SS Aquarium. The Water-bearer. 45 117 

12 ^ ribOCB. The Fiehea. 38 116 

II. 
NORTHERN pONSTELLATlONS. ' 

ANCIENT. 

13 Urba Minor. The Little Bear 08 22 

14 Urba Major. The Great Bear, 34 87 

15 Dracw. The Dragon. 31 85 

16 CcpHcua. Cepheue. 13 58 

17 Bootes. Bootee. 23 70 



168 



CONSTELLATIONS. 



LaUniiiuMt. 


English names. 


Ptol's. 


ob.m. 




18 Corona Borbalu. 


The Northern Crou>ru 


08 


33 


i 


19 HiRCULBR. 


Hercvles. 


29 


128 


^ 


20 Ltra. 


The Harp. 


10 


21 




Hi Ctonus. 


The Swan. 


10 


85 


1 


32 Camiopcia. 


Caseiopeia, 


13 


60 




23 Pbrrbuk 


Perseus. 


29 


65 




24 Auriga. 


The Charioteer. 


14 


69 




25 Ophiuchdr. 


The Serpent'hearer. 


29 


61 


' 


26 Sagitta. 


The Arrow. 


05 


18 




27 AdUiLA. 


The Eagle. 


15 


26 




28 DBLPHiNva 


The Dolphin. 


10 


19 




29 Equulbub. 


The Little Marae. 


04 


10 




30 Pboasur. 


Pegasus, 


20 


91 




31 ANTINOU& 


Antineus, 


15 


28 




32 Andrombda 


Andromeda. 


23 


71 




33 Tbiano. Borbamb 


The North. Triang. 


04 


15 




34 Coma Bbrbniobr. 


Berenice's Hatr. 

MOD CRN. 


35 


43 




35 Lbo Minor. 


The LittU Lion 


■i.. 


56 




36 Canbr Vbnatioi. 


The Greyhounds 


— 


38 




37 Sbxtanr. 


The Sextant 


— .. 


54 




38 Cbrbbrub. 


Cerberus. 


— .. 


13 




39 Taurub PoNiATowm 


Poniatowski^s Bull. 


^ 


18 


1 


40 Vblpbcula bt Anr. 


Tke Fox and Ooose. 


— 


35 




41 Lacbrta. 


Th€ Lizard. 


.—. 


12 


• 


42 Triangula Minora. 


The Little Triangle. 


.._ 


04 - 




43 MUROA BORBAUS. 


The Northern Fly. 


— 


05 




44 Tarandor. 


The Reindeer. 


_» 


12 




45 CuvroR Mbrbidm. 


The Harvester. 


.^ 


07 




46 Cambloparoalur. 


The Camelopard 


— 


69 




47 LiNX. 


The Lynx. 


— 


45 





III. 

SOUTHERN \:;ONSTELLATIONS. 



48 Cbtdr. 

49 Eridanur. 



ANCIBIfT. 

The WhaU, 
The River Po. 



22 100 
34 85 



0OMSTBLLATION8. 
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Lfttianai 
SO Omioir. 
61 Luim. 
SQ Canii Mmoft. 

53 CAim BLlj<mu 

54 Aboo Natu. 

55 Htdea* 

56 Ceatbb. 

57 CORTUI. 

58 CiNTAuiim. 
59«Lunn. 

60 AftA. 

61 Corona Aovteaui. 
68 ^puow auiteaiji. 



Orion. 

The Hare, 

The Little Dog. 

The Oreat Dog. 

The Ship Argo. 

The Water SerfenL 

The Cup. 

The Crow. 

The Centaur, 

The Wolf. 

The Altar, 

The Southern Crown. 

The Southern Fieh. 



Ftol*k. Ob. B. 

38 90 
13 30 
03 17 

39 54 
45 117 
37 53 



07 
07 
37 
19 
07 
13 
18 



13 

10 
48 
34 
08 
13 
34 



63 FOBNAX CHDnOA. 

64 RmcuLu Rhomb. 

65 Gbi^ Soulptobia. 

66 DoBADO vbi. Xtpb. 

67 COLUMBA NoAcm. 

68 EauuLBUB Pior. 

69 monocbbob. 

70 Ptzib Nadtioa. 

71 AuTUA Pnbumat. 
78 Atib Sout. 

73 Crux Austbaub. 

74 MuicA Austbaub 

75 Chamblbohib. 

76 PiaOH VOLANB. 

77 Tblbioopidm. 

78 horolooium. 

79 Norma Euoudu 

80 GlROINUS. 

81 Tbiano. Aubtbaub. 
88 Ar. TIL At. Imdioa. 
83 Mom MxNBA. 

84 SOUTDM SOBIBBKI. 

85 Imdub 

86 Pato. 



MODERN. 

The Ch^mie. Fum. ~~ 39 

The Rhombed Net, — 07 

The Engraver^e Tool — 15 

The Sword'Jieh. — 06 

The Dove. ^ 03 

The Painter' a Easel — 04 

The Unicom. — 31 

The Mariner'e Compaee. -— 14 

The Air-pump. .— S3 

The Solitary Bird. — 33 

The Southern Cross. — 06 

The Southern Fly. — 04 

The Chameleon. — 07 

The Flying-fish. — 06 

The Telescope. — 08 

The Pendulum, ^ — 33 

Euclid's Square. — 15 

The Compasses. -* 03 

The Southern Triangle. — 05 

The Bird of Paradise. — 04 

Mount of Table Bay. — 06 

Sobieskfs ShiM. — 16 

The Indian. -^ 04 

ThePeaeoek. ^ 11 
15 
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I^ttenaaHi* 




Soglidi DUBC^ rtoPk. Ob.R. 


87 OOTANI. 




TkM Octant. -^ 07 


88 MidRotoonini. 




Tht Mierowcope. — 06 


89 Geob. 




Tht Crane. — 12 


90 ToVCHAIfA 




The Amer. Ooon. — 11 


91 Htdbui. 




The WaUr-enake. -* 06 


93 AfTMAKtm Sooht. 




The Sculptor'9 Studio, ^ 38 


93 PaoMix. 




The Phmmx. ^ 11 


RECAPITULATION. 


2Sodiacal CoDsCellatioiui, 


12 


Principal stara, 1125 


Northern •« 


35 


« " 1531 


Southeni " 


46 


« " 1050 


Total, 


93 


Total, 3706 
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DBSCRIFTION OF SOMJS OF THE PRINCIPAL CONSTXLLAXIOIVS. 

Although this work is designed particularly to illus- 
trate the Mechanism of the Heavens, as displayed iii the 
Solar System, we are desirous of furnishing the learnei 
with a sufficient guide to enable him to extend his inqui- 
ries and investigations, not only to the difiereht classes 
of bodies lying beyond the limits of the Solar System, in 
the far-off heavens, but also to the Constellations as such. 
For this purpose we shall here furnish a brief description 
of the principal constellations visible in the United States, 
or in north latitude, by the aid of which the student will 
be able to trace them, with very little difficulty, upon that 
glorious celestial atlas which the Almighty has spread 
out before us. 

These descriptions are partly original, and partly from 
the writings of Olmsted and Burritt. 



ZODIACAL CONSTELLATIONS. 



The Constellations of the Zodiac, sueoeeding each 
other in regular order eastward, and being more easily 
found on that account them others, should nrst be studied. 
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Abis$ 18 a small coastellatkm known by two bright 
stars, about 4^ dpart^ which form the head« The bright- 
est is the most northeasterly of the tWo. 

Taxtrus will be readily found by the seven stars or 
Pleiades f which lie in his neck. . The largest star in 
Taurus is Aldebaratii in the Bull's eye, a star of the first 
magnitude) of a reddish colpr, somewhat resembling the 
planet Mars. Aldebaraa, and four other stars in the face 
of Taurus^ compose the Hyiades. They are so .placed as 
to form the letter V. 

Gbmini is known by two very bright stars, Ouiar and 
PolluXy about five degrees apart. 

Cancsb is less remarkable than any other constellation 
of the Zodiac. It has no stars larger than the third mag* 
nitude, and is distinguished for a group of small stars 
called the Nebula of Cancer, which is oflen mistaken for 
a comet. A common telescope resolves this nebula into, 
a beautiful assemblage of bright stars, 

Leo is a large and interesting constellation, contain- 
ing an unusual number of very bright stars. Of these, 
Regulus is of the first magnitude, and lies directly in the 
ecliotic. North of Regulus are several 'bright stars in 
the form of a sickle, of which Regulus is the handle. 
Denebola is a bright star of the second magnitude, in the 
Lion's tail. It is about 25^ northeast of Regulus, and 
350 west of Arcturus. 

Vntoo extends for some distance from west to east, 
but contains only a few bright stars. Of these, Spioa in 
the ear of corn which the Virgin holds in her left hand, 
is a brilliant star of the first magnitude. The rest of 
ner principal stars are of the third and fourth magni- 
tudes. 

Libra may be known by its four principal stars, form- 
ing a quadrilateral figure. The two brightest of these 
constitute the hedm of the balance, and the smallest is in 
th(^ top or handle. 

ScoBPio is one of the most interesting and splendid of 
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the constellations. His head consists of five bright atarsi 
£>rniing the arc of a circle, and is crossed by the ecliptic 
near the brightest of the five. Nine degrees southeast is 
the star Aniares, of a reddish color, and of the first mag- 
nitude. A number of small stars that curve around 
towards the east constitute the tail of Scorpio. 

SAOiTTARnrs lies next to Scorpio, and may be known 
by three stars arranged in a curve, to represent the bow 
of the Archer, the central star being the brightest, and 
having a bright star directly west of it, finming the head 
of the arrov. 

Capricornus lies northeast of Sagittarius, and may be 
known by two. bright stars close together, which consti- 
tute the head. 

Aquarixts is represented by the figure of a man pour- 
ing water out of a vessel. Its four largest stars are of 
the third magnitude. Two of these, which lie in a line 
with the brightest stars in Capricornus, constitute the 
head of the figure. 

' Pisces, the last of the Zodiacal constellations, lies be- 
tween Aquarius and Aries. The Southern Fish consists 
of 24 visible stars, of which one is of the first magnitude, 
two of the third, and five of the fourth. The remaining 
16 ase smaller. The largest star is situated in the 
mouth of the Fish, and is called Fomalhaut. The 
Northern Fish consists wholly of small stars, and is con- 
nected with the Southern by a series of stars forming a 
Clocked line between them. 
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KORTHBRN CONSTBLLATIOHS. 

The Constellations of the Zodiac being first well 
learned, so as to be readily recognised, will facilitate the 
learning of others that lie north and south of them. Let 
us, therefore, review the principal Northern ConHeUo' 
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UonSf beginning nordi of Aries and proceeding from west 
lo east. 

Andromeda may be known by three stars of the 
second magnitude, situated in a straight line, and extend- 
ing from east to west* The figure is that of a woman, 
with her arms extended,' aad chained by her wrists to a 
rock. The middle star, of the three just named, is 
situated in her girdle fUJod is called Mirack* The one 
west of Miraoh is in the head of Andromeda, and the 
eastern one, called Almaak, is in her left fooU The star 
in her head is in the Equinoctial Colure, The three 
largest stars in this constellation are of the second mag- 
nitude. Near Mirach are two stars of the third and 
fourth magnitudes, and the three in a row constitute the 
girdle. 

The loose assemblage of small stars directly south of 
Mirach, are the Northern Fish, already described. . 

Pessbtts lies directly north of the Pleiades, and east 
of Andromeda. The figure is that of a man with a 
sword in his right hand, and the h^d of Medusa in his 
leA. About 18^ from the Pleiades is Algols a star of the 
second magnitude, in the head of Medusa ; and 9^- north- 
east of Algol is Algenihy of the same magnitude, in the 
back of Perseus. It has, also, four stars of the third 
magnitude. 

Algol will be mentioned again, under the head of 
Variable Stars. 

AtJRiGA (TTic Wagoner) is the figure of a man in a 
declining posture, resting one foot upon the hoi*n of Tau- 
rus. It is north of Taurus and Orion, and directly east 
of Perseus. Capella, the principal star in this constella- 
tion, is one of the most brilliant in the heavens. It is in 
the west shoulder of Auriga, and may be known by a 
small triangle near it, formed by three small stors. 

The Lynx comes next in order, but present? nothing 
particularly interesting, as it contains no stars above the 
fourth magnitude, and even thefee are scattered over a 

15* 
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large space north of Gemini, and between Auriga and 
Ursa Major. 

Lbo Minor is composed of a few small stars lying be- 
tween the sickle in Leo, and the Great Bear. 

Coma Bbrenicbs is a beautiful cluster of small stars, 
north of Denebolts^ in the tail of the Lion, and north of the 
head of Virgo. It has but one star as large as the fourth 
magnitude. Cor CaroU^ or Charles's Heart, is a bright 
•t«ir about 12^ directly north of Coma Berenices. 

Bootes is the figure of a man with a club in his 
right hand, with which he seems to be driving the Great 
Bear round the pole of the heavens. He is thence called 
the Bear Driver. Arcturus, situated near the lefl knee, 
is a star of the first magnitude, and of a reddish color. 
He is accompanied by three small stars, (his ''sons,"*) 
which form a triangle a little to the southwest. A star 
of the second magnitude is in the head of the figure, and 
two bright stars of the third magnitude form the shoulders. 

Corona Borealis (The Croum) is situated between 
Bootes on the west,' and Hercules on the east. It con. 
sists of six principal stars, in the form of a wreath oi 
crown. 

Alp?uiee€iy the largest star of the group, is of the third 
magnitude, and nay be known by its position in the cen* 
tre of the crown, as well as by its superior brightness. 

Hercitles lies immediately east of the crown, and oc- 
cupies a large space in the Northern hemisphere. The 
figure is that of^a giant, with a large club in his right 
hand. The head is towards the south. 

This constellation is thickly set with stars, the largest 
of which is called RasalgetM, in the head of the figure, 
and is of the second magnitude. It has nine stars of the 
third magnitude, and nineteen of the fourth. 

OpHHTCdus (The Serpent-hearer) is situated directly 
south of Hercules, with its centre nearly over the equa- 
tor, and nearly opposite to Orion. The figure is that of a 

• Job xxxviiL 33. 
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Yenerable-looking man, grasping a serpent in his hands, 
the head of which consists of three bright stars, situated 
a little south of the crown. The folds of the serpent may 
be traced by a succession of bright stars extending for 
some distance to the east. 

The principal star in Ophiachus is of the second mag- 
nitude, and is called Ras Alhague. It is situated in th^ 
head of the figure, and within 5^ of Rasalgethi, in the 
head of Hereuies. 

Aquila {The Eagle) is conspicuous for three bright 
stars in its neck, of which the central one, Ahair, is a 
brilliant white star of the first magnitude. Antinotut lies 
directly south of the Eagle, and north of the head of 
Capricomus. 

Delfhinus (7!^e Dolphin) is a beautiful little cluster 
of stars, a little to the east of the Eagle. It may be 
known by four principal stars in the head, of the third 
magnitude, arranged in the figure of a diamond, and 
pointing northeast and southwest. A star of the same 
magnitude, about 5^ south, makes the taiK 

Pegasus is a large constellation situated between the 
Dolphin and Eagle, on the west, and Andromeda and the 
Northern Fish, on the northeast. The figure is that of a 
winged horse, in an inverted posture. It may be known 
by four stars about 16^ apart, forming a square called the 
square of Pegasus. They are of the second and third 
magnitudes, and one of them, viz. Algenib, bears the 
same name as a star in Perse usr 

The Horse's Head is a small cluster of stars, west of 
the head of Pegasus, and about half way to the Dolphin. 
It contains ten stars, of which the four principal are only 
of the fourth magnitude. They form a long irregular 
square, the two in the nose being 1^ apart, and those in 
the eyes 2p. These four stars are about 1^ southeast 
of the diamond in the head of the Dolphin. 



We now come to notice the constellations around th« 
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North Pole, and which are always above the horizon In 
northem latitudes. 

Ursa Minor {The Little Bear) is near the north pole 
of the heavens. It consists of the Pole Siar, as it is call- 
ed, which forms the extremity of the tail, and six other 
principal stars, three of the' third, and four of the fourth 
magnitudes. The seven together are arranged in the 
form of a dipper, with the Pole Star in the end of the 
handle. 

Ursa Major {The Great Bear) may be known by the 
figure of a larger dipper, which constitutes the hinder 
part of the aniraaL This dipper, also, is composed of 
seven stars. The first, in the end of the handle, is called 
Benetnash, and is of the second magnitude. The next is 
Mizar, known by a minute star almost touching it, called 
Alcor. Mizar is a double star. The third in the handle 
is AUoth, The first star in the bowl of the dipper, at the 
junction of the handle, is Megrez, Passing to the bottom 
of the dipper we find Phad and ^erak, while Dubhe 
forms the rim opposite the handled Merak and Dubhe 
are called the Pointers ; because they always point to- 
wards the Pole Star. 

The head of the Great Bear lies &r to the west of the 
Pointers, and is <^|ppoeed of numerous small stars ; while 
the feet are severally composed of two small stars, very 
near to each other. 

Draco {The Dragon) ^compasses a large circuit in the 
polar regions. He winds round between the Great and 
Little Bear, and commencing with the tail, between the 
Pointers and Pole Star, it is easily traced by a succession 
of briffht stars extending from west to east ; passing under 
Ursa Minor, it returns westward, and terminates in four 
stars which form the head, near the foot of Hercules. 
These four stars are 3^, 4^,'^nd 5^ apart, so situated as 
to form an irregular square ; the two upper ones being 
the brightest, and both' of the second magnitude. 

Cbfheus lies east of the breast of Draco, but has n 
stars above the secoQd magnitude. The fiigure is that o- 
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a Ikingf crowned, and with a sceptre in his left hand, 
which is extended towards Cassiopeia. 

Cassiofbia is a queen on a throne or chair, with her 
head and body in the Milky Way. The chair is com- 
posed of four stars, which form the legs, and two consti- 
tuting the back. Five of these are of the third magnitude. 

Lyra (Tke Lyre) is distinguished by one of the bright- 
est stars in the northern hemisphere. It is situated east 
of Hercules, and between him and the Swan. Its largest 
star is Vega^ or Alpha Lyra, and is of the first magnitude* 
It has two others of the second magnitude, and several 
of the fourth. 

Cygnus ( The Swan) is situated directly east of Lyra. 
Three bright stars, which lie along the Milky Way, form 
the body and neck of the Swan ; and two others, in a line 
with the middle one of the three, constitute the wings, 
I'hese five stars form a lafge cross, 

Arided, in the body of the Swan, is a star of the first 
magnitude, and the ^remaining ones of the constellation 
are of the third and f^rth magnitudes. 

Camelopardalus (The Camelopand) is a laige and un- 
interesting field of small stars, scattered between Perseus, 
Auriga, the head of Ursa Major, and the Pole Star. Its 
five largest stars are only of the fourth magnitude, the 
principal of which is in the thigh. The head of the ani- 
mal is near the pole. 

The Lynx also is composed of small stars, scattered 
over a large extent. It lies north of Gemini, and between 
Auriga and Ursa Major. Its three largest stars are ot 
the third magnitude. 

Lessoo 193. ^ 

SOUTHERN CONSTELLATIONS. 

The Southern Constellations are comparatively few m 
number, though some of them are very beautifiul. 
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CsTirs {The Wliah) is the largest oonstellation in the 
heavens. It is situated below or soutti of Aries. It ia 
represented with its head to the east, and extends 50^ 
east and west, with an average breadth of 20^. 

The head of Cetus may be known by five remarkable 
stars, 4^ and 5^«part, and so situated as to form a regular 
pentagon, or five-sided figure. MenkoTy of the second 
magnitude, in the nose of the Whale, is the largest star 
in the group, or in the constellation. 

• 

* Orion lies south of Taurus, and is one of the most 
conspicuous and beautiful of the constellations. The 
figure is that of a man in the act of assaulting the Bull, 
with a sword in his belt, and a club in his right hand. It 
contains two stars of the first magnitude, four of the 
second, three of the third, and fifteen of the fourth. Be- 
iefguese forms the right, and Bettairix the lefl shoulder. 
A cluster of small stars forms the head. Three small 
stars, forming a straight line about 3^ in length, constitute 
the belt, called by Job " the Bands of Orion.'' They are 
sometimes called the Three Kings, because they point out 
the Hyades and Pleiades on the one hand, and Sirius on 
the other. A row of very small stars runs down from 
the belt, forming the sword. These, with the stars of 
the belt, are sometimes called the EU and Yard. 

Mintika, the northernmost star in the belt, is less than 
\^ south of the equinoctial. 

Bigel, a bright star of the first magnitude, is in the 
lefl foot, 15^ south of Bellatrix ; and Saiph, of the third 
magnitude, is situated ip the right knee, 81-^ east of 
Rigel. 

> Lmnrs {The Hare) is directly south of Orion. It may 
be known by four stars of the third magnitude, in the 
form of an irregular square. Zeta, of the fourth magni- 
tude, is the first star, situated in the back, and about 
5^ south of Saiph in Orion. About the same distance 
below Zeta are the four principal stars, in the legs and 
feet. 

• CoLtJMflA (Noah's Dove) lies about 16° south of Lepus 
It contains but four stars, of which Fhaet 13 the bright 
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est* It lies on the right, a little higher than jBete, the 
next brightest. This last may be known by a small star 
just east of it. 

Ebidantts {The Rwer Po) is a large and irregular con* 
stellation, very difficult to trace. It is 130° in length, 
and is divided into the Northern and SotiUiem streams. 
The former lies between Orion and Cetus, commencing 
near Rigel in the foot of Orion, and flowing out westerly 
in a serpentine course, near 40**, to the Whale.* 

Canis Major lies southeast of Orion, and may be 
readily found by the brilliancy of its principal star Sirius, 
This i(» the largest of tne Fixed Stars, and is supposed to 
be the nearest to the Solar System. . 

Canis Minor is a small constellation situated between 
Canis Major, and the Twins. It has but two principal 
stars, namely, Procyan of the first magnitude, and Go*- 
melza of the second. 

MoNocEROs {The Unicom) lies between Canis Major 
and Canis Minor, with its centre directly south of Procyon. 
Its largest stars are of the fourth magnitude. Three of 
these are in the head, 3° and 4° apart. 

Htdra has its head near Procyon, and consists^ of a 
number of stars of ordinary brightness. Alphard, in the 
heart, is a star of the second magnitude, about 15° south- 
east of the head. It is an extensive constellation, extend- 
ing from east to west more than 100°.. 

CoRYUS (The Crow) is 'represented as standing upon 
the tail of Hydra, south of Conw Berenices. It contains 
but nine visible stars, only three of which are as large as 
the third magnitude. 

Argo Navis {T%e Ship Argo) is a large and splendid 
constellation in the southern hemisphere, but so low down 
in the south that but little of it can be seen in the United 
States. It lies southeast of Canis Major, and may be 
knoi7n by the stars in the prow of the ship. Market, of 
the third magnitude, is 16° southeast o/ Sinus. Naos and 
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Oamma are of the second magnitude, and Canapus and 
idui of the first. 



Cbntaurvs is another larse southern constellation, too 
low in the south to he traced by an observer in the United 
States. 

Lxjrus {The Wolf) is next east of Centaurus, south of 
Libra, and is also invisible in northern latitudes. 

Sextans {The Sextant) consists of a number of very 
•mall stars, situated between Leo on the north, and Hy- 
dra on the south. Its largest star is of the fourth magni- 
tude, and is situated about 13^ south of Regulus, near the 
equinoctial. 

Cbux {The Cross) is a brilliant little constellation, but 
too far south to be visible to us at the north. It consists 
of four principal stars, namely, one of the first, two of the 
second, and one of the third magnitude. 



CHAPTER II. 



OP DOUBLE, VARIABLE, AND TEMPORARY STABfl^ 

BINARV SYSTEMS, dte. 

Lesson 1SI4* 

OP DOITBLB, TRIPLS, AND MULTIPLB STAE& 

(Map 16.) 

1. Many of the stars which, to the naked eye^ appear 
single, are found, when examined by the aid of a telescope, 

I to consist of two or more stars, in a state of near proximity 

to each other. These are called double stare. When 

three or more stars are found thus closely GonnectOi^ they 

' are called triple or multiple stars. They are also iistin- 

guished as binary , ternary , dsc. 

2. Double and triple stars are supposed to be consti- 
tuted in two ways : first, by actual contiguity ; and aeo- 
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ondly, where they are only near the same line of vision, 
one of the component stars being far beyond the ^ther. 
In the former case they are said to be physically double, 
from the belief that they are bound together by attraction, 
and that one revolves around the other, while in the latter 
case they are considered as only optically double. 

Upon this subject Dr. Herschel remarks, that this near. 
ness of the stars to each other, in certain cases might be 
attributed to some accidental cause, did it occur only in a 
lew instances ; but the frequency of this companionship, 
the extreme closeness, and, in many cases, the near 
equality of the stars so conjoined, would alone lead to a 
strong suspicion of a more near and intimate relation than 
mere casual juxtaposition. 

3. The figures from B to F on the map are specimens 
of doable stars. B is a representation of the middle star, 
MixaTr in the tail of the Great Bear. It may be seen 
doubla with a good spyglass. The stars are both of a 
greenish white — of the third and fourth magnitudes — and 
about 14^^ apart. Mizar has sometimes been seen witli- 
out a companion^ and at other times it has been known 
suddenly to appear. The companion is not Alcor, near 
Mizar, and visible to the naked eye, but a telescopic 
star. 

C is a view of the double star Mintika, in the constel- 
lation Orion. The component stars are of the first and 
eighth magnitudes, the largest of a reddish hue, and the 
small one white. They are about 1(K^ apart, or four times 
the diameter of the largest star. 

I) is a double star in Ursa Minor, commonly known 
as the Pole star, ft consists of a star of the second and 
another of the ninth magnitude, situated about 18^^ apart ; 
or about four times the diameter of the larger star. They 
are both of a silvery white. 

It requires a pretty good telescope to show this star 
double, hence it is considered a pretty good test ob- 
ject, by observing which to ascertain the qualities of an 
optical instrument, especially of the low-priced refrac- 
tors. 

E is a view of the double star Castor in the twins. 

16 
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The Stars are of a greenish color, of the third and fourth 
magnitudes, and about 6^^ or two diameters of the princi- 
pal star, apart. This also is considered a good test object. 
Through ordinary telescopes the stars seem to be in con- 
tact, but with those of higher power they appear fairly 
divided. These stars also constitute a binary system. 

The stars under F are specimens of other distances and 
combinations of magnitudes. 

4. The number of double stars has been variously esti- 
mated. Sir William Herschel enumerates upwards of 
five hundred, the individuals of which are within d(K^ of 
each other. Professor Struve of Dorpat estimated the 
number at about three thousand, and more recent observa- 
tions fix the number at not less than six thousand. 

The great number of the double stars first led astrono- 
mers to suspect a physical connection by the laws of 
gravitation, and also a revolution of star around star, as 
Uie planets revolve around the sun. 



Lessen IfiS. 

OP BINARY AND OTHER SYSTEMS. 

(Map 16.) 

1. By carefully noting the relative distances and angu. 
lar positions of double and multiple stars, for a series of 
years, it has been found that many of them have their 
poriodic revolutions around each other. Where two stars 
are found in a state of revolution about a common centre, 
they constitute what is called a Binary System. These, 
it must bf remembered, are the double and muliipfe stars, 
which app.'ar single to the naked eye. Sir W. Herschel 
noticed about fifly instances of changes in the angular 
position of double stars, and the revolution of some sixteen 
of these is considered certain. Their periods vary from 
40 to 1200 years. 

2. The star Xi, in the led hind paw of Ursa Major, 
is one of these stellar systems. The revolution of its 
component stars began to be noticed in 1781, since 
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which time they have made one complete revolution, 
and are now (1847) some eight years on the second. 
Of course, then, their periodic time is about filly- 
eight years. T^heir angular motion is about 6^ 24^ per 
year. 

Dr. Dick supposes these stars to be some 200,000,000,000 
miles apart ; and upon the supposition that the smaller 
revolves around the latter, computes its velocity to be not 
less than 2,471,000 miles every hour. This would be 85 
times the velocity of Jupiter, and 23 times the velocity of 
Mercury — ^the swiftest planet in the Solar System. 

3. Fig. G on the map is a representation of another of 
these binary systems. It consists of the double star 
Gamma, in the Virgin. This star has been known as a 
double star for at least 130 years. The two stars are 
both of the third magnitude, and of a yellowish color. 
The largest star will be seen in the upper foci of the sup- 
posed orbit, and the arrows show the direction of the re- 
volving star. At the first observation, by Bradley, in 
1719, the smallest star was near the lower arrow, as 
represented. In 1756 it occupied a very different posi- 
tion, as the drawing shows, and so on to 1844, as repre- 
sented ^n the map. 

The period assigned to this system by Dr. Herschel is 
629 years. The late E. P. Mason, of Yale College, es- 
timated its period at 171 years: more recent observations 
and estimates by M&dler, give a period of 145 years. 

4. Fig. H is a view of another of these systems of re- 
volving stars, namely, the double star j9, or 70 of the Ser. 
pent- bearer. In 1780 the smaller star was seen on the 
right, just above the lower arrow. In 1804 it was near 
that date on the map ; in 1822, it was nearly opposite 
the first position, and so on to 1843. 

The periodic time of the revolving star is about 93 
years. In the course of its revolution the two stars 
sometimes appear separated, sometimes very near to- 
gether, and at other times as one star. They are of the 
5th and 6th magnitudes, and of a yellowbh hue. 

The following table shows the periodic times, dec, of 
these Binary Systems, so far as known. It is copied from 
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Herschel's Treatise, and corrected where more reoem 
obserrations have shown it to be erroneous. 



Names. 


Penod in 
yeart. 


Major axis of 
the orbit. 


Eccentricity. 


t) Ck>ron8e, 

t Cancri, 

1 Ursse Majoris, 
70 Ophiuchi, 
61 Cygni, 

y Virginia, 
Castor, 

<r Corone, 

y Leonis, 


43.40 

55.00 

58.26 

93.00 

452.00 

252.66 

286.00 

145.00 

1200.00 










7^^714 
8.784 

24.000 

16.172 
7.358 

30.860 


0.4164 
0.4667 
0.8335 
0.7582 
0.6112 




1 



5. The student should here be reminded that these are 
not systems of plan«ts revolving around suns, but of sun 
revolving around sun; and that their component stars 
may not only be as far apart as our sun and Sinus, but 
that they are probably each the centre of his own plane- 
tary system, like that which revolves around our Central 
orb. Speaking of these systems, Dr. Dick observes : 

" To some minds, not accustomed to deep reflection, it 
may appear a very trivial fact to behold a small and 
scarcely distinguishable point of light immediately ad- 
jacent to a larger star, and to be informed that this lucid 
point revolves around its larger attendant ; but this phe- 
nomenon, minute and trivial as it may at first sight ap- 
pear, proclaims the astonishing fact, that suns bevolyb 

▲EOUND SUNS, AND SYSTEMS ABOUND SYSTEMS. This is a 

comparatively new idea, derived from our late sidereal 
investigations, and forms one of the most sublime concep- 
tions which the modem discoveries of astronomy have 
imparted. It undoubtedly conveys a very sublime idea, 
to contemplate such a globe as the planet Jupiter— a 
body thirteen hundred times larger than the earth — re- 
volving around the sun, at the rate of twenty-nine thou- 
sand miles every hour ; and the planet Saturn, with its 
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rings and moons, revolving in a similar matner round 
this central orb in an orbit five thousand six hundred 
and ninety millions of miles in circumference. But how 
much more august and overpowering the conception of a 
sun revolving around another sun-~of a sun encircled 
with a retinue of huge planetary bodies, all in rapid mo- 
tion, revolving round a distant sun, over a circumference 
a hundred times larger than what has been now stated, 
and with a velocity perhaps a hundred times greater than 
that of either Jupiter or Saturn, and carrying all its 
planets, satellites, comets, or other globes along with it in 
its swift career ! Such a sun, too, may as far exceed 
these planets in size as our sun transcends in magnitude 
either this earth or the planet Venus, the bulk of any one 
of which scarcely amounts to the thirteen-hund red-thou- 
sandth part of the solar orb which enlightens our day. 
The further we advance in our explorations of the distant 
regions of space, and the more minute and specific our 
investigations are, the more august and astonishing are 
the scenes which open to our view, and the more elevated 
do our conceptions become of the grandeur of that Al- 
mighty Being who * marshalled all the starry hosts,' and 
of the multiplicity and variety of arrangements he has in- 
troduced into his vast creation. And this consideration 
ought to serve as an argument to every rational being, 
both in a scientific and a religious point of view, to stim- 
ulate him to a study of the operations of the Most High, 
who is * wonderful in counsel and excellent in working,' 
and whose works in every part of his dominions adum- 
brate the glory of his perfections, and proclaim the depths 
of his wisdom and the greatness of his power." 

6. Besides the revolutions of these double stars around 
each other, they are found to have a proper motion to- 
gether in space, like that which our sun has around the 
great Central Sun. Upon this subject Sir John Herschel 
observes, that these stars not only revolve around each 
other, or about their common centre of gravity, but that 
they are also transferred, without parting company, by a 
progressive motion common to both, towards some deter* 
minate region. 

16» 
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" For example, the two stara of 61 Cygni, which anp 
nearly equal, haye remained constantly at the same, or 
very nearly the same distance, of 15^^, for at least fifty 
years past. Meanwhile they have shifted their local sit- 
uation in the heavens, in this interval of time, through no 
less than 4^ 23^^, the annual proper motion of each star 
being d^^.d ; by which quantity (exceeding a third of 
their interval) this system is every year carried bodily 
along in some unknown path, by a motion which, for 
many centuries, must be regarded as uniform and recti- 
linear. Among stars not double, and no way difiering 
from the rest in any other obvious particular, /a Cassio- 
peisB is to be remarked as having the greatest proper mo- 
tion of any yet ascertained, amounting to S^^.IA of annual 
displacement. And a great many others have been ob« 
served to be thus constantly carried away from their 
places by smaller, but not less unequivocal motions. 

'^ Motions which require whole centuries to accumulate 
before they produce changes of arrangement, such as the 
naked eye can detect, though quite sufficient to destroy 
that idea of mathematical fixity which precludes specula- 
tion, are yet too trifling, as far as practical applications 
go, to induce a change of language, and lead us to speak 
of the stars in common parlance as otherwise than fixed. 
Too little is yet known of their amount and directions, to 
allow of any attempt at referring them to definite laws. 
It may, however, be stated generally, that their apparent 
directions are various, and seem to have no marked com- 
mon tendency to one point more than to another of the 
heavens. It was, indeed, supposed by Sir William Her- 
schel, that such a common tendency could be made out ; 
and that, allowing for individual deviations, a general re- 
cess could be perceived in the principal stars, ^roffi that 
point occupied by the star ^ Herculis, Unoards a point 
diametrically opposite. This general tendency was re- 
ferred by him to a motion of the sun and solar system in 
the opposite direction. No one, who reflects with due at- 
tention on the subject, will be inclined to deny the high 
probability, nay, certainty, that the sun has a proper mo- 
tion in some direction ; and the inevitable consequence of 
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such a motion, unparticipated by the rest, must be a slow 
average apparent tendency of all the stars to the vanish* 
ing point of lines parallel to that direction, and to the re- 
gion which he is leaving."* 

7. As already stated in a previous lesson, many of the 
double, triple, and multiple stars are of various colors^ 
beautifully contrasting with each other. 

" ' other Buna, perhaps, 

.With their attendant mooufi , 

Communicating male and female light, 
(Which two mat sexes animate the world,) 
Stored in each orb, perhaps, with some that live."t 

'* In such instances, the larger star is usually of a ruddy 
or orange hue, while the smaller one appears blue or 
green, probably in virtue of that general law of optics^ 
which provides that when the^ retina is under the influ« 
ence of excitement by any bright- colored lights, feebler 
lights, which seen alone would produce no sensation but 
of whiteness, shall for the time appear colored with the 
tint complementary to that of the brighter. Thus, a yel- 
• low color predominating in the light of the brighter star, 
that of the less bright one in the same field of view will 
appear blue ; while, if the tint of the brighter star verge 
to crimson, that of the other will exhibit a tendency to 
green — or even appear as a vivid green, under favorable 
circumstances. The former contrast is beautifully ex- 
hibited by I Cancri — the latter by y Andromedss ; both 
fine double stars. If, however, the colored star be 
much the less bright of the two, it will not materially 
affect the other. Thus, for instance, t) Cassiopeiss ex- 
hibits the beautiful combination of a large white star, and 
a small one of a rich ruddy purple. It is by no means, 
however, intended to say, that in all such cases one of the 
colors is a mere effect of contrast, and it may be easier 
suggested in words than conceived in imagination, what 
variety of illumination two sum — a red and a green, or a 



* Sir John HerKhePs Treatise on Aftronomy. 
t ParadiM» Lort/viii., 148. 
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yellow and a blue one — ^must afibrd a planet circulating 
about either ; and what charming contrasts and * grateful 
vicissitudes' — a red and a green day, for instance, alter, 
nating with a white one and with darkness — ^might arise 
from the presence or absence of one or other, or both, 
above the horizon. Insulated stars of a red color, almost 
as deep as that of blood, occur in many parts of the heav- 
ens, but no green or blue star (of any decided hue) has, 
ve believe, ever been noticed unassociated with a com- 
panion brighter than itself."* 

Lesson 1SI6« 

YABIABLS OR PERIODICAL STARS. 

1. Variable stars are those which undergo a regular 
periodical increase and diminution of lustre, amounting, 
m some cases, to a complete extinction and revival. 

These variations of brilliancy, to which some of the 
fixed stars are subject, are reckoned among the most 
remarkable of the celestial phenomena. Some of them 
pass through their successive changes with great rapidi- 
ty, while in other cases their brilliancy is increased or 
diminished gradually for months. The time occupied by 
one of these stars, in passing through all their different 
phases, is called its period, 

2. One of the most remarkable of these variable stars, 
is the star Ondcrony or Mira in the Whale. Its period is 
about 332 days, during which time it varies from a star 
of the second magnitude, to complete invisibility. It 
appears about twelve times in eleven years — remains at 
his greatest brightness about a fortnight, being then, on 
some occasions, equal to a large star of the second mag- 
nitude. It then decreases for about three months, when 
it disappears. In about five months it becomes visible 
again, and continues to increase during the remaining 
three months of its period. 

Its increase of light is much more rapid than its 

^^— »— ■ I » I I I III. I— .^Ih^^^i— I— 

* Sir John Heracheri Treatiae on Aalraiiomy. 
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decrease. It increases from the sixth to the second 
magnitude in 40 days — continues thus brilliant )26 days, 
and then fades to the sixth magnitude again in 66 days. 
Hence, it is above the sixth magnitude for 132 days, and 
below 200 days of its period. 

3. Another remarkable periodic star is that called 
Algol, in the constellation Perseus, It is usually visible 
as a star of the second magnitude, and such it continues 
for the space of 2 days 14 hours* when it suddenly begins 
to diminish in splendor, and in about 3^ hours it is re- 
duced to the fourth magnitude. It then begins again to 
increase, and in 3^ hours more is restored to its usual 
brightness, going through all its changes in 2 days 20 
hours and 48 minutes, or thereabouts. Through all its 
successive changes, this star shines with a white light, 
while the color of all the other variable stars is red. 

4. The cause of these periodic variations in the bright- 
ness of somfv jf the stars is not known. Some suppose 
them to be occasioned by opaque bodies revolving aroui'd 
them, and cutting off a portion of their light A*om us. 
Speaking of the sudden obscuration of Algol, mentioned 
above, Dr. Herschel remarks, that it indicates a high degree 
of activity in regions where, but for such evidences, we 
might conclude all lifeless. " I am disposed," says Dr. 
Dick, *' to consider it as highly probable, that the in. 
terposition of the opaque bodies of large planets revolving 
around such stars, may, in some cases, account fbr the 
phenomena. It is true, that the planets connected with 
the Solar System are so small, in comparison of the sun, 
that their interposition between that orb and a spectator 
at an immense distance, would produce no sensible ef- 
fect. But we have no reason to conclude, that in all 
other systems the planets are formed in the same pro- 
portions to their central orbs as ours ; but, from the 
variety we perceive in every part of nature, both in 
heaven and earth, we have reason to conclude that every 
system of the universe is, in some respects, different 
from another. There is no improbability in admitting, 
that the planets which revolve round some of the stars, 
may be so large as to be* a considerable proportion 
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(perhaps one-half or one-third) to the diameters of the 
orbs around which they revolve ; in which case, if the 
plane of their orbit la> nearly in a line of our own 
vision, they would, in certain parts of their revolutions, 
interpose between our eye and the stars, so as to hide 
for a time a portion of their surfaces from our view 
while in that part of their orbits which is next to the 
earth." 

With reference to the obscuration and period of Algols 
Professor Olmsted observes, that the periodic time of an 
opaque revolving body, suffixsiently large, which would 
produce a similar temporary obscuration of the sun, seen 
from a fixed star, would be less than fourteen hours. 

Others again are of opinion that those distant suns 
have one luminous and one dark or clouded hemisphere, 
and that their variations may thus result from a revolu- 
tion upon their axes, by which they would present us 
alternately with their full and their diminished lustre. 

Another theory is, that these stars are moving with 
inconceivable velocity in an immensely elliptical orbit, 
the longer axis of which is nearly in a direction to the 
eye ; and the shorter axis of which would be impercepti- 
ble from our system. In such case the star would appear 
alternately to approach and recede, now looking in upon 
our quarter of the universe, as it were, for a few days, 
and then rushing back into immensity, to be seen no more 
by human eyes during the lapse of years or of ages. 

" Whatever may be the caiwe," says Mr. Abbott, "the 
fact of these variations is perfectly established, and the 
contemplation of the stupendous changes which must be 
occurring in those distant orbs, overwhelms the mind with 
amazement. Worlds vastly larger than our sun sudden, 
ly appear, and as suddenly disappear — ^now they blaze 
forth with most resplendent brilliancy, and again they 
fade away — and often are apparently blotted from 
existence. These worlds are unquestionably thronged 
with myriads of inhabitants ; and the phenomenon which 
to us appears but as the waxing or waning lustre of a 
twinkling star, may, to the dwellers on these orbs, be 
evolutions of grandeur, such as no earthly imagination 
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has ever conceived. But these scenes, now Tailed from 
human eyes* will doubdess all be revealed, when the 
Christian^shall ascend on an angel's wing U. the angel', 
home. 



Lesson 137« 

TEMPORAUT STABS. 

1. Temporary stars are those which have appeared 
from time to time, in different parts of the heavens, bla- 
zing forth with extraordinary lustre, and after remaining 
for a while apparently immoveable, died away, and len 
no traces of their existence behind. Some writers class 
them among the Periodical Stars, while others notice them 
under the head of << New and Lost Stars." 

2. A star of this kind, which appeared in the year 
125 B. c, led Hipparchus to draw up a catalogue of the 
stars, the earliest on record. In a. d. 389, a similar star 
appeared near the largest star in the Eagle, which, after 
remaining for three weeks as bright as Venus, disappear- 
ed entirely from view. 

3. On the 11th of November, 1572, Tycho Brahe, a 
celebrated Danish astronomer, was returning in the even- 
ing from his laboratory to his dwelling-house, when he 
was surprised to find a group of country-people gazing 
upon a star which he was sure did not exist half an hour 
before. It was then as bright as Sirius, and continued 
to increase till it surpassed Jupiter in brightness, and 
was visible at noonday. In December of the same year 
it began to diminish, and in March, 1574, had entirely 
disappeared. 

This remarkable star was in the constellation Ctusia^ 
pern, about 5^ northeast of the star Caph. The pluce 
where it once shone is now a dark void ! 

This star was observed for about sixteen months, and 
during the time of its visibility its color exhibited all the 
dififerent shades of a prodigious flame— '< first it was of a 
dazzling white, then of a reddish yellow, and Ifiistly of an 
ashy paleness^ in which its light expired." '' It is im- 
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possible," says Mrs. Sumerville, " to imagine any thing 
more tremendous tlian a conflagration that could be visi- 
ble at such a distance." 

In reference to the same phenomenon, Dr. Dick oh-* 
serves, that ** the splendor concentrated in that point of 
the heavens where the star appeared, must have been, in 
reality, more than equal to the blaze of twelve hundred 
thousand worlds such as ours, were they all collected 
into one mass, and all at once wrapped in flames. Nay, 
it is not improbable, that were a globe as large as would 
fill the whole circumference of the earth's annual orbit, 
to be lighted up with a splendor similar to that of the 
sun, it would scarcely surpass in brilliancy and splendor 
the star to which we refer." 

The same writer observes, that <* within the last cen- 
tury, no less than thirteen stars in different constellaticnis 
■eem to have totally perished, and ten new ones to have 
been created." 

Rev. Professor Vince, who has been characterized as 
'' one of the most learned and pious astronomers of the 
age," advances the opinion that '^ the disappearance ctf 
some stars may be the destruction of that system at tlte 
time appointed by the Di^itt for the probation of its in. 
habitants ; and the appearance of new stars may be the 
formation of new systems for new races of beings then 
called into existence to adorn the works of their Crea- 
tor." 

La. Place, whose opinion upon such subjects is always 
entitled to consideration, says : " As to these stars which 
suddenly shine forth with a very vivid light, and then im- 
mediately disappear, it is extremely probable that great 
conflagrations, produced by extraordinary causes, take 
place on their surface. This conjecture is confirmed by 
their change of color, which is analogous to that present, 
ed to us on the earth by those bodies which are set on 
fire and then gradually extinguished." 

Dr. Goods, author of the Book of Naturet dec, seems 
to have entertained an opinion similar to those already 
expressed. ^< Worlds and systems of worlds," says he, 
** are not only perpetually creating, but also perpetually 
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disappearing. It is an extraordinary &ct, that within the 
period of the last century, not less than thirteen stars, in 
different constellations, seem to have totally perished, and 
ten new ones to have been created. In many instances it 
is unquestionable, that the stars themselves, the supposed 
habitations of other kinds or orders of intelligent beings, 
together with the different planets by which it is proba- 
ble they were surrounded, have utterly vanished ; and 
the spots they occupied in the |ieavens have become 
blanks. What has befallen other systems, will assuredly 
befall our own. Of the time and manner we know noth- 
ing, but the fact is incontrovertible ; it is foretold by rev- 
elation ; it is inscribed in the heavens ; it is felt through 
the earth ; such is the awful and daily text. What then 
ought to be the comment ?" 

Lesson 13S« 

FALLING OR SHOOTING STARS. 

The subject of shooting stars is here introduced, not 
because it properly belongs here, by the laws of philosoph- 
ical classification, but because the juvenile student will be 
more apt to look for it in this connection than in any other 
part of the work. We must say but little, however, 
as its full discussion falls not within the compass of our 
design. 

1. Falling or shooting stars are not properly stars, of 
any kind, but meteors, witliin a short distance of the earth. 
A meteor is a fiery or luminous body flying through the 
atmosphere. 

2. Although the number of shooting stars observable 
in a single night is usually small, there have been in- 
stances in which they fell in such numbers as to be dc- 
nominated Meteoric Showers, One of these occurred 
November Idth, 1838. On that mornine, says Professor 
Olmsted, from two o'clock until broad imylight, the sky 
being perfectly serene and cloudless, the whole heavens 
were lighted with a magnificent display of celestial fire- 
works. At times the air was filled with streaks of lights 

17 
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occasioned by fiery particles darting down so swiftly 
to leave the impression of their light on the eye, (like a 
match ignited and whirled before the face,) and drifting 
to the northwest like flakes of snow driven by the wind ; 
while, at short intervals, balls of fire, varying in size 
from minute points to bodies larger than Jupiter and Ve- 
nus, and in a few instances as large as* a full moon, 
descended more slowly along the arch of the sky, oflen 
leaving after them long trains of light, which were, in 
some instances, variegated with different prismatic colors.* 

3. Of the nature of these meteors very little is known. 
They are supposed to descend from some point beyond 
the limits of our atmosphere, and to be ignited by their 
rapid motion, as they come in contact with it. They ex- 
plode, and are resolved into small clouds, it is thought, at 
the height of about thirty miles above the earth. 

Professor Olmsted thinks they are caused by some rare 
body like the tail of a comet, or the zodiacal light, falling 
in the way of the earth in her annual journey around the 
sun. 
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CHAPTER III. 

OF CLUSTERS OF STARS, AND NEBUUE. 

Lesson 139» 

OF CLUSTERS OF STARS. 

(Map 16.) 

1. In surveying the concave of the heavens in a 
clear night, we oWrve here and there groups qf stars, 
forming bright patches, as if drawn together by ^me 
cause other than casual distribution. Such are the 
Pleiades and Hyades in Taurus, the former of which 

* Introduction to Astronomy, p. 989. 
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may be seen at I, on the map. These are called Clusters 
of Stars. The constellation Coma Berenices is another 
such group, more diffused, and consisting of much larger 
stars. The luminous spot called the Bee Hivey in Can- 
cer, is somewhat similar, but less definite, and requires a 
moderate telescope to resolve it into stars. In the sword- 
handle of Perseus, is another such spot or cluster, which 
requires a rather better telescope to resolve it into distinct 
stars. 

2. There is a great number of these objects, which 
have been mistaken for comets, as through telescopes of 
moderate power they appear like the comet of 1585, Map 
15, or like small round, or oval, nebulous specks. Sir 
John Herschel observes that Messier has given a list of 
103 objects of this sort, with which all who search for 
comets ought to be familiar, to avoid being misled by 
their similarity of appearance. That they are not com- 
ets, however, is evident from their fixedness in the heav- 
ens, and from the fact that when we come to examine 
them with instruments of great power, they are perceived 
to consist entirely of stars, crowded together so as to oc- 
cupy almost a definite outline, and to run up to a blaze 
of light in the centre, where their condensation is usually 
the greatest. 

3. Many of these clusters are of an exactly round 
figure, and convey the complete idea of a globular space 
filled full of stars, insulated in the heavens, and constitu- 
ting in itself a family or society apart from the rest, and 
subject only to its oWn internal laws. 

4. It would be a vain effort to attempt to count the 
, stars in one of these globular clusters. They are not to 

be reckoned by hundreds ; and on a rough calculation, 
grounded on the apparent intervals between them at the 
borders, and the angular diameter of the whole group, it 
would appear that many clusters of this description must 
contain' at least from t^n to twenty thousand stars, com- 
pacfbd and wedged together in a round space, whose an- 
giilar diameter does not exceed eight or ten minutes, or 
an area equal to a tenth part of that covered by the 
moon. 
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5. Some of these clusters are of an irregular figure, as 
may be seen at J, on the map. These are generally leas 
rich in stars, and especially less condensed towards the 
centre. They are also less definite in point of outline. 
In some of them the stars are nearly all of a size, in oth- 
ers, extremely different. It is no uncommon thing to find 
a very red star, much brighter than the rest, occupying a 
conspicuous situation in them. 

6. It is by no means improbable that the individual 
stars of these clusters are suns like our own, the centres 
of so many distinct systems ; and that their mutual dis- 
tances are equal to those which separate our sun from 
the nearest fixed stars. Besides, the round figure of 
some of these groups seems to indicate the existence of 
some general bond of union in the nature of an attractive 
force.* 

7. Figure J on the map, is a representation of the clus- 
ter in Coma Berenices already referred to ; and Figure E 
is a magnificent cluster in Capricorn us, containing more 
than a thousand fixed stars. 

A cluster of stars, numbering over 1,000, has recently 
been announced as discovered by Professor Mitchel, of 
the Cincinnati Observatory. 

Lesson 130. 

OF NEBULiB. . 

(Map 16.) 

1. The term NEBULiB is applied to those clusters of 
stars that are so distant as to appear only like a faint 
cloud or haze of light. In this sense some of the clusters 
heretofore described may be classed as nebulae, and in- 
deed it may be said of all the various kinds of nebulsa, 
that it is impossible to say where one species ends and 
another begins. 

2. Resolvable Nebulje are those clusters the light 
of whose individual stars is blended together, when seen 

• Henchel's TreatiM. 
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through a commoa telescope, but which, when viewed 
through glasses of sufficient power, can be resolved into 
distinct stars. 

3. Ibbbsoltablb Nebula are those nebulous spots 
which were formerly supposed to consist of vast fields of 
matter in a high state of rarefication, and not of distinct 
tftars. But it is exceedingly doubtful whether any nebu* 
IcD exist which could not be resolved into stars, had we 
telescopes of sufficient power. The following remarks, 
taken^ from a lecture recently delivered in Dublin, by 
Dr. Scoresby, in relation to the powers of Lord Rosse's 
mammoth telescope, will reflect light upon the subject un* 
der consideration. *^ About the close of last year, the 
Earl of Rosse succeeded in getting his great telescope 
into complete operation, and during the first month of his 
observations on fifty of the un resolvable nebulae, he suc- 
ceeded in ascertaining that forty-three of them were al« 
ready resolvable into masses of stars. Thus is confirmed 
the opinion, that we have only to increase the powers of 
the instrument to resolve all the nebulse into stars, and 
the grand nebular hypothesis of La Place into a splendid 
astronomical dream." 

In a more recent communication Dr. Scoresby remarks, 
that the nebuls already observed were between one and 
two hundred, which was doing well considering the ob- 
servations had oflen been obstructed by the cloudy nights. 
Although this great telescope has been erected nearly 
two years, it has not been in complete operation more 
than six or seven months, and already the nebulae, not be- 
fore fully examined, have been discovered to be a collec- 
tion of suns. 

From these recent observations it is probable that all 
the nebulae might be resolved into distinct stars if we had 
telescopes of sufficient power, and that such an object as 
an irresolvable nebula does not in reality exist. 

While upon the subject of the nebulae, as viewed by 
Lord Rosse, we must not omit to notice the extraordinary 
spiral nebula, recently discovered by the aid of his mam« 
moth telescope. The following is the announcement of 
the discovery, as given in the English journals: 

17* 
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BZTRAORDINART SPIRAL NEBULA DISCOVERED BY LORD 

ROSSE. 

The Spiral Nebula is situated in the Dog's Ear, and 
although, by the common consent of astronomers, it was 
considered a mighty cluster of stars, it was not until Lord 
Rosse had seen it by the aid of his six-feet mirror that its 
resolution into stars was effected. This wonderful nebula 
bears closely on a problem relating to the structure of 
our own galaxy, the Milky Way. However strong the 
sympathies pervading all that strange system, it is cog- 
nizable by us, in the mean time, only as a collection of 
separate masses. Nor can we err in so deeming it, 
through ignorance of its real, as compared with its ap- 
parent structure, inasmuch as it is the manifest tendency « 
of the telescope to deprive these remote objects of appa- 
rent uniformity, and endow them with a constitution 
more and more discreet. Now, these parts are, by them- 
selves, somewhat intelligible. The central spherical 
group has the form in which gravity would sustain any 
mass of stars ; and most of the other segregated portions 
also can be conceived as partial schemes internally bar- 
monious, or arranged in obedience to their internal sym- 
pathies. But the feature the most remarkable for us is 
the character of the two principal lines of the scroll, or 
those two leading branches of that Milky Way where the 
stars of the group appear mainly distributed. It seems 
as if these beds of orbs were literally dissolving into frag- 
ments, which, in fact, is only a repetition of the most 
conspicuous characteristic of the zone encircling our own 
galaxy ; for the bright circuit of our Milky Way is no 
regular belt, but,. on the contrary, a succession of clus- 
ters, probably self-harmonious, stretching along its whole 
course, and separated by lines or patches more or less 
obscure. 

Nothing can be more memorable than the conversion 
of these dim streaks of light into burning and rollinff 
orbs : even a feat so grand and triumphant, in regard of 
the science and art of man, has an attraction infinitely 
less than the transforming of a shape apparently simploi 
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into one so strange and complex that there is nothing to 
which we can liken it, save a scroll gradually unwinding, 
or the evolutions of a gigantic shell ! How passing mar- 
vellous is this universe ! And unquestionably that form 
would seem stranger still, if, rising farther above the im- 
perfections of human knowledge, we could* see it as it 
really is ; if, plunging into its bosom and penetrating to 
its farther boundaries, we could develop the structure of 
its still obscure nebulosities, which doubtless are streams 
and masses of gorgeous related stars ! 

Figure L on the map is a representation of the great 
nebula in Andromeda, formerly considered as irre* 
solvable. It resembles a comet, and may be seen under 
favorable circumstances by the naked eye, like a small 
faint cloud. The stars seen within its limits are sup- 
posed to be beyond it, and consequently seen through it. 

4. Nebulae are again distinguished as Single and 
Double Nebitljb. The former consist of one cluster 
standing alone, while in the latter case two or more seem 
to be united, or in a state of near proximity, as in 
Figure M. Of the Double Nebulae there is almost every 
possible variety of form and proportionate magnitude. 
The specimen given is a representation of the double 
nebulas in the Greyhound. 

5. Figure N is a representation of what are called 
Hollow Nebuljb. This specimen may be fbund in the 
constellation Sagittarius. 

6. Stellar Nbbulje, or Nehihus StarSy are such as 
present the appearance of a thin cloud with a bright 
star in or near the centre. They are round or oval- 
shaped, and look like a star with a burr around it, or a 
candle shining through horn. Figures O and P on the 
map are specimens oi this class. O is in Cancer, and P 
in Gemini. 

7. The Sim is considered by astronomers as belonginff 
to this class of nebulous stars, and the 2jodiacal LightyOi 
which we have spoken in Lesson 108, has been regarded 
as of the nature of the gaseous matter with which the 
nebulous stars are surrounded. It is supposed that if we 
were as far from the sun as we are from the Stellar 
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Nebultt, he would appear to us only as a smalL and 
nebulous star ! 

6. Planstart Nbbuljb, says Dr. Herschel, are rery 
extraordinary objects. They have, as their name im- 
ports, exactly the appearance of planets ; round or 
slightly oral discs, in some instances quite sharply ter- 
minated, in others a little hazy at the borders, and of a 
light exactly equable or only a very little mottled, which, 
in some of them, approaches in vividness to that of the 
actual planets. Whatever be their nature, they must 
be of enormous magnitude. Granting these objects to be 
equally distant from us with the stars, their real dinien- 
sions must be such as would fill, on the lowest computa- 
tion, the whole orbit of Herschel. 

Fig. Q on the map, is Intended as a specimen of 
Planetary Nebulae, though, It must be confessed, it is not 
easy to get up a very striking resemblance. 

9. Annular Nebuljb also exist, but are seldom to be 
met with. The most ccmspicuous of this class is to be 
found exactly half-way between Beta and Cranuna, in the 
Lyre, and may be seen with a telescope of moderate 
power. It is small, and particularly well defined, so as 
in fact to have much more the appearance of a flat oval 
solid ring than of a nebula. The space within the ring 
is filled with a faint hazy light, uniformly spread over it, 
like a fine gauze stretohed over a hoop.* 

10. Figure R is a representation of a very remark, 
able nebula in the head of the Greyhound, about six 
degrees below Mixar^ the middle star in the tail of the 
Great Bear. It consists of a large and bright globular 
nebula surrounded by a double ring, at a considerable 
distance from the globe, or rather a single ring divided 
through about two-fiflhs of its circumference, and having 
one portion turned up, as it were, out of the plane of the 
rest. A faint nebulous atmosphere, and a small round 
nebula near at, like a satellite, completes the figure. 

11. Figure S is another remarkable nebula in the 
constellation of the Fox. The two round spots about the 

• SirJ.Herach«L 
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foci of the ellipse or oval, exhibit but a faint and duskj 
light, while the portions about the ends of the shorter 
axis are remarkably bright and uniform. 

12. Figure T represents a wonderful nebula in thd 
Milky Way. Its form is fantastic, and it has several 
openings, through which, as through a window, we seem 
to get a glimpse of other heavens, and brighter regions 
beyond. 

13. The nundter of nebulous* bodies is unknown, per- 
haps we ' should say innumerable. They are especially 
abundant in the Galaxy or Milky Way. Sir W. Her- 
schel arranged a catalogue showing the places of two 
tiunuand of these objects. They are of all shapes and 
sizes, and of all degrees of brightness, from .the faintest 
milky appearapce to the light of a fixed star. 

14. Star Dust is a name given to those exceedingly 
faint nebulous patches that appear to be scattered about 
at random in the far.distant heavens. They have no 
definite boundary, and are well represented by the gray 
portions of the map, between the various specimens of 
nebulse. The map is printed light or gray on purpose to 
furnish specimens of Star Dust, or of nebulae so remote 
as to be barely visible through the best telescopes. This 
class of nebulous appearances seems to lie in the back- 
ground, far beyond others that are more distinctly visible^ 

By placing the learner at a proper distance from the 
map, the idea we wish to convey will be readily under- 
stood. 

15. This map may be used to very good advantage 
to illustrate the uses and powers of the telescope, in re- 
solving nebulsB into stars. Place the pupil at the dis- 
tance of from fifteen to twenty feet, according to the 
strength of the light, so that he will see the clusters J and 
K only as faint cloudy patches. Let him then make 
what he may call a telescope of low power, by rolling 
up a sheet of paper, and looking through the tube thus 
formed., Shutting the surrounding light from his eye 
will enable him to see the nebulous spots far more dis* 
tinctly. Then, instead of a telescope of higher power, 
let hhn approach half way to the map, and look again 
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through his paper tube. If the light is good, J and K 
will be mostly resolved into stars. By approaching still 
nearer, nM>re stars wOl be seen where it appeared nebu. 
lous befi>re9 and at length the Siar Jhui will be seen 
Ijring beyond the more distinct nebulsB, in remote regions 
of space. 

It must not be supposed, however, that barely shutting 
the surrounding light from the eye is the principle upon 
which the telescope reveals objects otherwise invisible ; 
the object in these exercises is merely to show that as the 
nearer we are to an object the more distinct the vision, 
so the better the telescope (an instrument which seeois to 
bring objects towards us) the more perfect the view we 
have of the different kinds of nebulie, and the more likely 
they are to be resolved into distinct stars. 

16. The nebuls, says Sir John Herschel, furnish in 
every point of view an inexhaustible field of speculation 
and conjecture. That by far a larger share of them con- 
sist of stars, there can be little doubt ; and in the inter- 
minable range of 'system upon system, and firmament 
upon firmament, which we thus catch a glimpse of, the 
imagination is bewildered and lost. 
^ 17. The MMy Way is generally regarded by astrono- 
mors as only a specimen of nebuls, of which our sun is 
one of the stars. This zone of small stars (for such it 
actually is) extends quite around the Solar System, as the 
nebulous circle of Figure R, on the map, extends around 
the large star in the centre. Like that circle, also, the 
Milky Way is divided through some part of its circuit, 
and has various branches and irregularities. 

The vast apparent extent of the Galaxy, as compared 
with other nebule, is supposed to be justly attributable 
to its comparative nearness. Were we as far from the 
Solar System as we are from the nebulsB in the Lyre, 
Fig. R, the Milky Way would doubtless appear as an 
Annular Nebula no larger than that. It may therefore 
with propriety be called <' the Great Nebula of the Solar 
System." 

The general conclusions of M&dler respecting the con- 
stitution of the whole system of the fixed stars, exolusivs 
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of the distant nebulae, are the following : — He believes 
that the middle is indicated by a very rich group, (the 
Pleiades,) containing many considerable individual bodies, 
though at immense distances from us. Round this he 
supposes that there is a zone, proportionally poor in stars, 
and then a broad, rich, ring-formed layer, followed by an 
'nerval comparatively devoid of stars, and afterwards by 
another annular and starry space, perhaps with several 
alternations of the same kind, the, two outmost rings com* 
posing the two parts of the Milky Way, which are con- 
founded with each other by perspective in the portions 
most distant from ourselves. 

But what an idea is here conveyed to the mind of the 
almost boundless extent of the Universe! Sir W. Her- 
schel estimated that 50,000 stars passed the field of his 
telescope, in the Milky Way, in a single hour ! And yet 
the space thus examined was hardly a point in this great 
zone of the " sun-strown firmament." The mutual dis- 
tances of these innumerable orbs are probably not less 
than the distance from our sun to the nearest fixed stars, 
while they are each the centre of a distinct system of 
worlds, to which they dispense light and heat. 

Were the Universe limited to the Great Solar Nebula, 
it would be impossible to conceive of its almost infinite 
dimensions ; but when we reflect that this vast and glow- 
ing zone of suns is but one of thousands of such assem- 
blages, which, from their remoteness, appear only as 
fleecy clouds hovering over the frontiers of space, we are 
absolutely overwhelmed and lost in the mighty abyss of 
being! 

And here we may leave the reader to his own reflec- 
tions. While unnumbered worlds and systems of worlds 
glow before his vision in the distant heavens, peopling, as 
it were, every portion of the mighty void, let it not be for- 
gotten that as productions of the great Architect ^' these 
are but parts of his ways." While he upholds them all 
" by the word of his power," and presides over them aa 
the Great King, the falling sparrow attracts his notice, 
and the very hairs of our heads ^ are numbered. And 
while we behold his Wisdom, Power, and Goodness so 
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ffloriously inscribed in the heavens, let us learn to be 
humble and obedient, to love and serve our Maker here, 
that we may be prepared for the more extended scenes 
of another life, and for the society of the wise and good 
in a world to oome. 



APPENDIX 



EXPLANATION OP ASTRONOMICAL TERMS.* 

AherreUion, an apparent change of place in the fixed 
st&rsy which arises from the motion of the earth combined 
with the motion of light. 

Achemary a fixed star of the first magnitude, in the 
constellation Eridanus, r. a. 1 hour 31 minutes. — ^Dec. 
58 degrees, 1&)- minutes. 

AchromaliCf colorless, remedying aberrations of color. 

Achrofdcal rising or setting of a planet, or star, is whctQ 
it rises at sunset, or sets at sunrise. 

AeraliteSy or air-stones, are semi-metallic substances, 
which are found to fall from the atmosphere in difierent 
countries. Some philosophers have imagined that they 
are the fragments of a planet that had been burst asunder. 
^ \ Aldeharanf a fixed star of the first magnitude in the 
' ' head of the constellation Taurus ; sometimes called the 
Bul^s eye. 

AJgoly a star in Medusa's head, which varies from the 
secoik] to the fourth magnitude. 

Aliotky a fixed star in the tail of the Great Bear. 

AUaxr^ a star of the first magnitude in Aquila. 

AUitu/ie^ the height of the sun, moon, or stars above 
the horizon, reckoned in degrees and minutes, on a verti- 
cal circle. 

ilmp&Mcn, a name given to the inhabitants of the torrid 

* 'niit Glofluury it copied from English work* lately reprinted in 
this ooontry, and revised 'to adapt it to ihe capacity oC the Juvenile 
Learner. The language of the definitions is, in some instances, dif- 
ferent from that used in the preceding pages, and a few terms are 
inserted and defined that do not occur in any of the lesMns. But 
these circumstances will rather enhance than depreciate its value, as 
they secure an agreeable variety where the meaning is the same ; will 

imulate the investigation of subjects not yet unJerstood ; and may* 
' to additional research in fields not yet explored. 

13 
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zone, on aooount of their shadows falling at one time of 
the year towards the south, and at another time towards 
the north. 

Amplitude^ an arc of the horizon, contained between 
the* east or west point of the heavens, and the centre of 
the sun or a star, at the time of its rising or setting. 

Andromeda, a female, a northern oon^tellatioo, con- 
taining 66 stars. 

Anmuhis, a ring. — AnnuU, rings.— iliinii2iir, ring-like. 

AnamahuSj irregular, strange, out of rule. 

Anomaly, (the true,) the distance of a planet in signs, 
degrees, ^c, from that point of its orbit which is furthest 
from the sun. The mean anomaly is, that which would 
take place if the planet moved uniformly in the circum- 
ference of a circle. 

Antinous, the Youth, a part of the constellation Aqaila. 

Antipodes, those inhabitants of the earth who live dia- 
metrically opposite) to each other, or walk feet to feet, on 
opposite sides of the globe. 

Antdeci, a name given to those inhabitants of the earth 
who live under the same meridian, and at equal distances 
from the equator, but on opposite sides of it. 

Aphelion, that point in the orbit of a planet in which it 
is at its greatest distance from the sun. 

Apogee, that point in which the sun, or a olanet, is fur- 
thest distant from the earth. 

Approximate, next, near, approaching. 

Apsides, the two most remote points of a planet's orbit, 
otherwise termed its aphelion and perihelion. A line 
joining those points is, the line of the apsides. 

Arcticus, a star of the first magnitude in the Great Bear. 

Arctunts, a bright star of the first magnitude in the 
constellation Bootes. 

Armiliary sphere, an instrument composed of the prin- 
cipd circles which are drawn on an artificial globe. 

Ascii, the inhabitants of the torrid zone ; so called, be- 
cause the sun being twice a year in their zenith, their 
bodies at those times cast no shadow. 

Aspect, situation of tne stars with respect to one an. 
other, or the planets. 
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AsteroidSjthe eight planets lately discovered moving in 
eccentric circles between the orbits of Mars and Jupiter. 

Astronomy, (from Aster, a star, and Nomes, a law,) the 
science which teaches the motion, magnitude, and dis- 
tances of the heavenly bodies. 

Attrctction, that inherent principle of matter by which 
bodies mutually tend towards each other, or to the centre 
of the earth. 

Axis, {axes, plural,) of the earth or of a planet ; an 
imaginary line passing through the centre from one pole to 
another, round which they perform their diurnal rotation. 

Azimuths, great circles which pass through the zenith 
and nadir, perpendicular to the horizon. The azimuth 
of a celestial body is an arc of the horizon contained be- 
tween the east and west points, and a vertical circle pass- 
ing through the centre of that object. 

BeUairix, a star in Orion. 

Belts, zones surrounding the body of Jupiter and Saturn. 

Betelguese, a star in Orion. 

Binary, double, consisting of two. 

Bissextile, (or leap year,) which iiappens every fourth 
year, and contains 866 days ; one day being added to the 
month of February. 

Capella, a star of the first magnitude in Auriga. 

Cardinal points of the compass ; the east, west, north, 
and south points. 

Cardinal points of the ecliptic ; the first points of the 
signs Aries, Cancer, Libra, and Capricorn. 

Castor, one of the Twins, a star of the first magnitude 
in Gemini. 

Centauri, the Centaur, (half man and half beast,) a 
southern constellation. 

Centrifugal force, that force by which any revolving 
body endeavors to fly off from the centre of motion in a 
tangent to the circle it describes. 

Centripetal force, the tendency which a body has to the 
centre of its revolution. 

Circumpolar, signifying such stars, as being near the 
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pole, move arouiid it. They aet below the horizon in our 

latitude. • 

CohareSf two imaginaiy circles, or meridians, one of 
which passes through the solstitial points Cancer and 
Capricorn, and the other through the equinoctial points 
Aries and Libra. 

ComeUj erratic bodies belonging to our sjrstem, which 
move round the sun in very eccentric orbits, distinguished 
by their fiery tails and nebulous aspects. 

Conct a body with a circular base declining to a point, 
like a sugar.loaf. 

Comcalf form of a cone. 

Conjunction, b when two or more stars, or planets, are 
in the same part of the heavens. 

CflnsteUadonj or Asterism, certain figures delineated in 
the heaveos by the ancieuts, and also by the modems, 
within which the principal stars are included ibr the pur. 
pose of better finding and describing them. 

Constituents^ parts composing and essential to the whole. 

Cosmical rising or setting of a planet, or star, is when 
it rises with the sun in the morning, or sets with him in 
the evening. 

CrystaWne heavens, the solid spheres by means of which 
the ancients attempted to account hr the apparent motions 
of the fixed stars. 

Cusps, the points or horns of the moon or of a planet. 

Cycle of the moon, a revolution of nineteen years, in 
which time the conjunction and lunar aspects are nearly 
the same as they were nineteen years before. 

Day, (solar,) the time between two successive transits 
of the sun's centre over the. same meridian, which always 
begins and ends at noon. 

Day, (sidereal,) the time which elapses during the ro- 
tation of the earth from one star till it returns to the 
same star again, and consists of 23 hours, 56 minutes, 4 
seconds. 

Declination is the distance of any celestial object north 
or south from the equator, reckoned in degrees, minutes, 
&c., upon 8 circle which is perpendicular to it. ' 
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Degree, the 860th part of a circle, or the SOth part of 
a sign. 

Diagram^ figure or representation used for illustration. ^ 

Digity the 12th part of the sun's diameter, which it 
used in the calculation of eclipses. 

Disc of the sun or moon, is its round face, which, on 
acscount of the great distance of the object, appears flat. 

Diurnal motion of the earth, its rotation on its axis. 

Dorpat or Darpiy a town of Riga, Russia, where a Uni- 
versity eMd Observatory were established and liberally 
endowed in 1802. 

Eecentricity, the distance between the centre of a plan- 
et's orbit, and the focus round which it revolves. 

Eclipse, a deprivation of the light of the sun, by the 
interposition of the moon ; or of the light of the moon, by 
the interposition of the earth. 

EcUptiCf a great circle in the heavens through which 
the sun apparently makes his annual . revolution ; but 
which is in reality the earth's path. round the sun. It 
makes an angle with the equator of 23 degrees, 28 min- 
utes. 

ElahorcUed, produced with labor, improved by succes- 
sive operations. 

EUipUcUy, likeness to an oval. 

Elongation, the angular distance of a planet from the 
•un, as it appears from the earth. It is applied only to 
the interior planets. Mercury and Venus. 

Emertion, the reappearance of a celestial body after 
having been eclipsed. 

Epoch, particular period of time, period from one date 
to another. • 

Equation of time, the difference between real and ap- 
parent time, or between that shown by a true clock and 
a sun-dial. It depends on the obliquity of the ecliptic, 
combined with the unequal motion of the earth in its orbit. 

Equator, or a great circle of the earth which separates 
the northern from the southern hemisphere. ' When re- 
ferred to the heavens, it is called the Equinoctial. 

Equinoctial, or Celestial Equator, the imaginary circle 

18* 
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in the heavens described by the sun in its daily revolution 
at the time of the equinoxes, Dr its apparent passage over 
the line, when days and nights are equal all over the 
earth ; the centre of the ecliptic. 

Equtnoxe^i two opposite points in Aries and Libra, 
where the ecliptic cuts the equinoctial. When the sun 
b in these points, the days and nights are equal to each 
other. 

EvolutUniy unfolding or unrolling of any thing 
Exterior planeU, those which move at a further distance 
from the sun than the earth ; as Mars, Jupiter, d^. 

Foci of an ellipse, two points in the Icmsest, or trans- 
verse axis, on each side of the centre ; from each of 
which if any two lines be drawn to meet each other in 
the circumference, their sum will be equal to the trans- 
verse axis. 

Galaxy, or the Milky Way, a luminous and irregular 
zone which encompasses the heavens, which is found to 
be composed of an immense number of stars. 

Geocentric place of a planet, is that position which it 
hsjs when seen from the earth. 

GibbouSj a term used in reference to the enlightened 
part of the moon, from the first quarter to the full, and 
from the full to the third quarter. 

Chraviiy or CframUUion, that force by which all masses 
of matter tend towards each other. 

HalOf a luminous circle round the body of the sun or 
moon. 

Heliacal rising of a star, is «7hen it emerges from the 
sun's rays, and appears above the horizon before him in 
the morning. 

HeKacal setting of a star, is when it is so hid in the 
sun's beams as not to be seen above the horizon after 
him in the evening. 

Heliocentric place of a planet, is that in which it would 
appear to a spectator placed in the sun. 

Hemisphere^ the half of a globe or sphere. 
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Heteroaeiif a name given to the inhabitants of the tem- 
perate zones, because their shadows at noon always fall 
one way. 

Horizon^ (the sensible,) a circle which separates the 
visible from the invisible hemisphere, and forms the boun- 
dary of our sight. 

Horixon^ (the rational,) a great circle which is parallel 
to the' former, and whose poles are the zenith and the 
nadir. 

Hour circles, the same as meridians — marking the 
hours. 

Immersion^ the moment when an eclipse begins, or 
when a planet enters into the shadow of the body that 
eclipses it. 

Inclination, the angle which the orbit of one planet 
makes with that of another, or with the plane of the 
ecliptic. 

Interior planets, those that move at a less distance from 
the sun than the earth, which are Mercury and Venus. 

Irresolvable, incapable of being analyzed, defined, or 
perceived as distinct objects 

Latitude of a place, its distance from the equator, reck, 
oned in degrees and minutes upon the arc of a great 
circle. 

Latitude of a star or planet, is its distance from the 
ecliptic, reckoned in degrees, &;c., on the arc of a great 
circle. 

Leofds, a star in the constellation Leo or Lion. 

Lesser circles of the same sphere, those whose planes 
da not pass through the centre, and which divide the 
sphere into two unequal parts. Greai circles of the equa- 
tor, meridians, &c., divide the sphere into two equal 
parts. 

Libration of the moon, an apparent irregularity in her 
motion on her axis by which we sometimes see more 
than the usual half of her disc. 

Longitude of a place, its distance east or west from the 
first meridian, reckoned in degrees, &c., upon the equator. 
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Longitude of a star or planet, its distance from the first 
point of Aries, reckoned in degrees, dsc, upon the ecliptic. 

Lummarjf, a body giving light, a celestial body. 

Irttnor, relating to the moon. 

Lunatiofiy the time between one new moon and another ; 
which is, on an average, 29 days, 12 hours, 44 minutes, 
8 seconds. 

Jtfoctt&g, dark spots which appear on the face of the 
sun ; and Facula are bright spots sometimes seen on the 
solar disc. 

MageUanic clouds^ certain whitish appearances in the 
heavens, in the southern hemisphere, supposed to consist 
either of an immense number of stars or nebulse. 

Magnitudes. The stars are divided into six classes ; the 
brightest are called stars of the first magnitude ; the next 
in brightness, the second magnitude, &c. 

Mean motion of a planet, that which would take place 
if it moved in a perfect circle, and equally every day. 

Meridian, a great circle of the sphere which passes 
through the zenith and the poles, and is perpendicular to 
the horizon. 

Meteors, transitory luminous bodies in the air or sky. 

Micrometer, an instrument fitted to a telescope to meas- 
ure very small angles ; as the diameters of the planets, d^. 

Microscopic, relating to the properties of the microscope, 
— an instrument for magnifying small bodies by an ar- 
rangement of glasses or lenses, — to be seen only with the 
fnicroscope. 

Milky Way, Via Lactea, or Galaxy, the broad white 
path or cloud, seen as such by the naked eye, and vary, 
ing in width from 5 to 16 degrees, but found by the tele- 
scope to consist of innumerable stars, ^8 or 10 millions at 
least,) and assemblages of nebulee ana clusters of stars, 
the mingling light of which evolve whiteness. 

Mythological, relating to the fabulous, though sometimes 
beautiful stories and theories of the ancients. 

NaMr, that point in the heavens directly opposite to the 
zenith, or immediately under our feet. « 
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NebuliBf luminous spots in the heavens, or clusters of 
small stars, discovered by the telescope. 

Nocturnal are, that space of the heavens which the son 
apparently describes from the time of his setting to his 
rising. 

Nodesy two' points where the orbit of the moon, or of a 
planet, intersects the plane of the ecliptic. 

Nueleusy a term used to denote the head of a comet. 

OhUque ascension, an arc of the equinoctial contained 
between the first degree of Aries, and that point of it 
which rises with the centre of the sun or star. 

Oblique sphere, that position of the globe in which either 
of the poles is elevated above the horizon any number of 
degrees less than ninety. 

Observatory, a place or building fitted up and provided 
with proper instruments for observing celestial bodies. 

OccultatUm is when a star or planet is hid from our 
Bight by the interposition of the moon or some othei planet. 

Oppositijon, an aspect of the stars or planets when they 
are 180 degrees distant from each other, marked thus, 8 . 

Orbit, the curve which a planet describes in its revolu- 
tion round the sun. 

Orrery, a machine to represent the motions of the plan- 
etary bodies, so named in honor of the Earl of Orrery. 

OscUlaiory, moving backward and forward, like a pen- 
dulum. 

Parallax, the difference of the place of any celestial 
object as seen from the surface of the earth, and from its 
centre. 

Parallax of the earth's annual orbit, the angle at any 
planet subtended by the distance between the earth and 
the'Bun. 

Parallels of latitude, small circles of the sphere which 
are drawn parallel to the equator. 

Penumbra, a faint shadow observed between the perfect 
shadow and the full light in an eclipse. 

Perigee, that point of the solar and lunar orbit which 
is nearest the earth. 
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Perihelion^ that point of the orbit of a planet nearest 
the sun. 

PeriseUf the inhabitants of the frigid zones, so named 
because their shadows go round them for six months, or 
fall towards opposite points of the compass. 

Perturbation, disturbance, disorder, disquietude. 

Phases, the diiferent appearances of the illuminated 
parts of the moon or planets. 

Phenomenon, any extraordinary appearance in the 
heavens, as a comet, dec. 

Planetariwn, an astronomical machine for showing the 
motions and other phenomena of the planets. 

Planetary, relating to planets. 

Pleiades, or the seven stars, an assemblage of stars in 
the constellation Taurus. 

Polar circles, two small circles, 23j^ degrees from the 
poles ; the arctic in the north, and the antarctic in the 
south. 

Pole star, a star of the second magnitude in the tail of 
the Little Bear ; so called, because it is near the north 
pole. 

Precession of the equinoxes, a slow motion of the two 
points where the equator intersects the ecliptic, which go 
backward about 50 seconds in a year. 

Quadrant, the fourth part of a circle ; or an instrument 
for measuring angles, and taking the altitudes of the sun 
and other heavenly bodies. 

Quadrature, that position of the moon when distant 90 
degrees from the sun ; as in the first and third quarters. 

Radius Vector, a line supposed to be drawn from the 
centre of any planet to the centre of the sun, which, mov. 
ing with the planet, describes equal areas in equal times. 

Refraction, the bending of the rays of light in passing 
through the atmosphere, by which the heavenly bodies 
appear more elevated than they really are. 

Refrangible, capable of being bent or turned aside. 

Regulus, a star of the first magnitude in the constella- 
tion Leo. 
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Resolvahlct that which may be analyzed, brought, to- 
gether and explaiQed or defined. 

Retardation, hinderance, act of delaying. 

Retrograde^ an apparent motion of the planets in aocfie 
parts of their orbits, when they seem to go backward, or 
contrary to the order of the signs. 

RiglU ascension is that degree of the equator which 
comes to the meridian with the sun, moon, or star, reck* 
(»iing from the first point of Aries. 

Rotation, the motion of any heavenly body round its 
axis. 

SatelUies, secondary planets or moons, which revolte 
round the [^imary planets. 

Selenography^ a representation of the moon, with a de- 
scription of her different spots and appearances. 

SextUe, an aspect of the heavenly bodies, when they are 
60 degrees distant from each other. 

Sidereal, of or belonging to the stars. 

Sign, the twelfih part of the ecliptic, or 30 degrees. 

Sirius, " the Dog Star," one of the brightest in the 
heavens, is in the constellation Canis Major. 

Solar, relating to the sun. 

Solstitial points, the first degree of Cancer and Capri- 
com, at which the ecliptic touches the tropics. 

Sphere, the concavity of the heavens in which the stars 
appear. 

Sphericity, rotundity, roundness. 

Spica, a star of the first magnitude in the constellation 
Virgo. 

Star ^ oluBters of amdl stars appearing like spark- 
Img sand. 

Stellar, relating to stars. 

System, a number of bodies revolving round a conmion 
centre, as the planets round the sun. ^^ ^^^ '^.^ 

Syzigy, a term usually applied to the njiopj^, ^^^^ hi 
opposition or in conjunction, or when at tt\^^\ir ^^r^i^||. 

Telescope, an optical instrument for th&.pyf po»& of .yi^^]» 
ing distant -objects, particularly the sun^^^oi), pUj^etii 
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and stars. Telescopes produce their effects e.^ther by 
refraction through glasses, or reflection from speculums. 

TeleseapU stars, those stars which are only visible by 
means of telescopes. All stars beyond those of the sixth 
magnitude are reckoned telescopic stars. 

Torrid zone, that part of the earth which is contained 
between the two tropics. 

Trajectory a term applied to the orbit of a comet. 

Transit of a planet denotes its passing over another 
planet or star, or across the disc of the sun. 

Trme^ an aspect of the planets when they are 120 de- 
grees distant from each other. 

Tropics, two circles parallel to the equator, and 23 de- 
grees 28 minutes distant on each side of it. They are 
named Cancer on the north, and Capricorn on the south. 

Vertical circles, the same as azimuth circles, or such 
as are drawn perpendicular to the horizon. 

Prime vertical, is that azimuth circle which passes 
through the east and west points of the horizon. 

Year, (the solar,) the time which the sun takes to pass 
from one tropic till it returns to the same again, and is 
365 days, 5 hours, 48 minutes, 49 seconds. 

Year, (sidereal,) the time which the sun takes to pass 
from any fixed star to the same again, and is 865 days, 
6 hours, 9 minutes, 9 seconds. 

ZenOhy that point of the heavens immediately over 
head. 

Zodiac, a zone surrounding the heavens, 16 degrees 
broad, in the middle of which is the ecliptic. The orbits 
of all the old planets are included in this zone. 

T^odiacal, relating to the Zodiac, great circle of the 
sphere, signs, dec. 

Zodiacal Ught, a brightness sometimes observed in the 
heavens, somewhat similar to the Milky^Way. 

Zone, a division of the sphere betweaii two parallels of 
latitude. There are five zones ; one torrid, two temper- 
ate, and two frigid. 
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ELEMENTARY ASTRONOMY, 

BY H. MATTISON. 



IiBSSON 1. — ^What do we underatand by the tenn seienee? 
What is OMtronamy ? How do the son and moon compare with each 
other in their apparent nxe ? How with the other heavenly bodies ? 
What difierence in their light ? What said of their change of poau 
tion with respect to each other? What said of the difierent appear- 
ancee of the moon ? What remark respecting the horns of the old 
and new moon? In what direction does the moon actually «> ; and 
how is it ascertained 7 What said of her coverings or obscuring t the 
otan? What of the dark lines or figured upon her face? What is 
an eclipse ? Have you ever seen one ? Was it of the sun, or moon ? 
What said of the apparent size of the stars ? What of their relative 
positions? What exceptions to their general apparent fixedness? 
What irregularity is observed in their motions ? What said of the 
morning and evening star? Of the stars about the North Pole ? Of 
the change of the sun*s position, from winter to summer, &>c. ? May 
all the phenomena thus far enumerated be observed by the naked eye, 
or without telescopes ? How did the ancients study astronomy ? Of 
what is the science of astronomy composed, and how is it constituted? 

ft. — Where do we find the oldest records of astronomical science ? 
What dttsten of stars are there mentioned, and in what books ? How 
does the Bible represent the earth as upheld? What Greek philoso- 
pher taught astronomy before Christ, and who in the second century 
after Christ? What was Ptolemy's theory called? Where did it 
locate the earth ? Describe the Ptolemaic theory in detail, and illus- 
trate by the mapk 

3,— Were there any special difficulties in the theory of Ptolemy? 
What is the first mentioned by your author? What is the secoiuL? 
What is the tkkrd, and how 6 it illustrated ? What is the fouHh and 
last difficulty named? What would be the hourly motion of the sun 
upon this theory ? Jipw swiftly would it require the nearest fixed 
stars to move 7 WVPsuch an absurd theory ever generally believed? 
How long did the doctrines of Ptolemy prevail 7 
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4* — ^Who originated the present generally received system of 
tronomy 7 About what time ? What is this theory called, and why ? 
How does this s]rsteni acconnt for the apparent daily motion of the 
sun, moon, dtCt from east to west ? Do we ever suppose objects to 
move that are at rest, simply because we are moving 7 Give an illus- 
tration. Where does the Copemican theory place the sun ? What 
two motions does it attribute to the numerous worlds that surround 
him 7 What does the first of these motions produce, or cause ? What 
the second 7 What map illustrates this theorv? Where is the sun 
seen on the map? Where the planets, and fixed stars? What is 
meant by the oriit of a planet, and how represented on the map 7 In 
what direction do the planets move around the sun? How indicated 
on the map? What particular fiict is referred to as evidence of the 
truth of the Copemican theory 7 

ft, — ^What are the first grand divisions of the nniverse 7 What is 
DMant by the eolar eyetem ? What by the tidtretLl heaoent ? How 
Is the former situated in respect to the latter? Which of these/ grand 
divisions is fint considered by your author? 

0,-— From what does the solar sjrstem derive its name 7 What are 
the bodies of our s]rstem called, as a whole 7 How are the solar bodies 
first divided? How is the sun distinguished from the planets? The 
planets from the sun? What does the term planet eignify ? How 
are the planets divided ? What are the primaries ? l)escribe the 
seeondaries. Point out each on the map. tWhich are the interior 
planets, and why? Which the exterior? What are the asteroids ? 
What are comets, and how distinguished? Point out the difierent 
classes of solar bodies on the map. 

7.— How many primary planets are there? What are their 
names ? W^at are they generally named after ? In heathen my- 
thology, who was Mercury, and what does the astronomical sign of 
this planet represent 7 Who was Venus, and what is her tign 7 What 
two signs represent the Earth ? Who was Mars, and what is hio 
sign 7 Describe Vesta, and her sign ; Astrea, and her sign ; Juno, 
and her sign ; Ceres, and her sign ; Pallas, and her sign ; Jupiter, 
and his sign. What is the origin of the sign of Jupiter? Describe 
Saturn, and his sign. From what did Herschel derive his name ? 
What other names has he 7 What constitutes his sign 7 From whom 
does Le Verrier derive his name? Of what is his sign composed? 
What name did the Board of Longitude of Paris recommend for this 
irfanet? Can you make the signs of the different planets upon the 
black-board 7 [The class should here ftiake and explain the difier* 
eat Mffns, in consecutive order.] Make the sign for new, kalf-grown, 
and fuU moon. The signs of the sun. What does the fust repre- 
sent? Find the several primary planets on the map. Where riiould 
Le Verrier be placed ? 
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8.--^What is the subject of this lesson 7 What is the scale of dis- 
tances employed on the map? Give the distances ci the several 
planets, commencing at the sun. What said of conceiving justly of 
vast distances 7 At the rate of five hundi^d miles per hour, how 
long^ould it require for a body to pass from the sun to Mercury 7 
How long from the sun to our globe 7 How long to reach Herschel 7 
What illustration employed? How long would it take for a train of 
cars to pass from the sun to Mercury, at thirty miles per hour ? To 
our globe 7 To Herschel 7 To Le Verrier 7 How illustrated by refer* 
ence to Whitney's proposed railroad? If a train of cars had left the 
sun, at the creation of .the world, to visit the orbit of Herschel, where 
would they be now 7 How much longer would it require to finish the 
journey 7 To reach the orbit of Le Venier 7 

9m — ^What is the subject of this lesson 7 What is a circle 7 A 
, quadrant 7 A sextant 7 A sign 7 A degree 7 A minute 7 A 
gecond 7 IHnstrate these several divisions of a circle, by the map. 
How Vnany degrees are there in a circle 7 Have all cirales the same 
iiu];pber of degrees? Make the signs for degrees, and minutes, and 
seconds. What is measurement by degrees, minutes, and seconds, 
(Sailed? 

XOa-^-GivO' evunples of angular measurement, distances, diameters, 
altitudes, an^ velocities, from the map, Fig. I. How does the diS' 
tance of the observer from an object efbct its apparent magnitude, 
&c7 Howisthisillustratedby Fig. 2? 

UL-^Upon thei principles of the preceding lesson, how would the 
sun appear, vieweid from Mercury 7 From Venus 7 From Le Fsr- 
rier 7 From Sirius 7 What is the angular diameter of the sun, as 
viewed from our globe? What would it be from Mercury 7 From 
Jupiter 7 From Herschel 7 From Le Verrier 7 What idea of the 
distance to Le Verrier would arise from the diminutive appearance of 
the sun, if viewed from that point? 

191. — ^What is the subject of this lesson? By what rule do we 
determine the relative amount of light received by bodies placed at 
unequal distances from their luminary 7 How is this rule illustrated 
by Fig. 47 

X3. — By applying the rule of the preceding lessons to the planets, 
and supposing the light and heat of each to be proportionate, what 
would be the relative light and heat of Mercury, Venus, &c. 7 What, 
then, would be the average temperature of Mercury 7 Of Venus ? 
Of Jupiter 7 Of Saturn 7 Of Herschel 7 Of Le Verrier 7 Is it certain, 
that the light and heat are proportionate upon the several planets 7 
What said of the temperature of Mercury 7 What of the temperature 
of Jupiter, Saturn, Herschel, and Le Verrier 7 
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M.— What 'm the mbject of this loaonl By what scale an the 
BhuietB drawn on the map? Is the sun drawn upon the same scale 7 
Why not? Give the dianuter* of the seyeral planets, beginning at 
Mercury. Do the relatiYe sixes on the map seem to correspond with 
these diameters? At forty thoosand miles to an inch, what should 
be the diameter of Satnm, on the map, according to the taUe of mag- 
nitudes 7 What should be the diameter of the earth ? 

]A,_Of what does this lewmtieat 7 What is the scale of map 4? 
What is the actual diameter of the sun, in miles 7 At forty thousand 
miles of diameter to an inch, how large must he be drawn to corres- ' 
pond with the other planeti? What is the bulk of Mercury, as com- 
pared with the earth? Of Venus? Of Mais? Of Jupiter? Of 
Saturn? Of Heiscbel, and Le Venier? What is the bulk of the 
sun, as compared with our globe? What as compared with the 
whole solar system besides? How many globes tike ours would 
it take, if laid side by side, to reach aciDss the sun's diameter? 
What illustration of the sun's magnitude is drawn from the moon's 
otbit? 

10. — ^What is the subject of this lesson? What is meant by den" 
tity 7 Give examples of substances of difierent densities. Have all 
the planeti the same density? Give the density of the several plan- 
ets, as compared with the earth, and the substances with' which they 
nMMit nearly agree in weight. 

X7, — The subject of this lesson 7 What is meant by gravitation ? 
What constitutes the weight of bodies 7 Upon what does the amount 
of weight depend 7 Do large bodies alvoayo attract more strongly 
than small ones? Why not? Do the planeti difler in their attractive 
force ? What would a body weighing one pound on the earth, weigh 
upon Mercury ? Upon Venut, &c. ? What upon the oun ? What 
said of the attractive force of the a&teroida ? Is the attraction of 
the planets in proportion to their htdk 7 Why not? 



_ J. — What is meant by the periodic revoUUion of a planet 7 What 
by iUi periodic time 7 Can you give the periodic times of the several 
planets? What constitutes a planet's ysor ? Do all the planets move 
with the same velocity ? 

10. — What is the subject of this leaon 7 Can you giye the hour- 
ly motion of the several planets 7 



—What is meant by the centripetal force of a planet 7 What 
by the centrifugal 7 What would be the result were the centripetal 
toree ouepended 7 What if the centrifugal 7 Why does Mercury 
revolve more rapidly in his orbit than any other planet 7 Why do 
the more distant planets move so slowly 7 What particular fact xe- 
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speeting the motions of the planets is mentioned as exhibiting the wis- 
dom of God ? 

ftL — Have the planets any revolution except aronnd the sun ? 
What is it called in the caption of this lesson ? What natural phe- 
nomena are produced by the revolution of the planets upon their axes ? 
R^ite the time occupied in the diurnal revolutions of the several 
planets, so far as known. What do you observe as rather remarkable 
respecting the first four planets 1 What peculiarity in the time of 
Jupiter and Saturn ? How many days have Jupiter and Saturn in 
one of our years ? How many has Jupiter in one of his years ? How 
many has Saturn in one of his years 1 How was it ascertained that 
the planets had a diurnal revolution ? Has the motion of the planets 
on their axes any effi»ct in modifying their /oniis f 



\, — ^What e^cts would follow if the planets were cubes instead 
of globes ? Are the planets exactly spherical in their forms 1 What 
is their true figure? Where is their diameter greatest? What 
causes this flattening or oblateness ? What is the dmerence between 
the polar and equatorial diameter of the several planets ? 

23. — What is the eeliptie ? Point out the ecliptic on the map. 
Why is the earth represented of different siles ? What said of her 
phases, color, &c. ? What do the arrows set in her orbit indicate ? 
What further illustration of the ecliptic is given by the author ? Are 
the sun and eurth always in the plane of &e ecliptic f 



. — What are the poles of the earth? What the poles of the 

ecliptic f^ How illustrated by the pointer and map ? Are the eclip' 
tic and the earth*s equator in the same plane ? How, then, with 
their poUs 1 



—How does die ecliptic lie with rrapect to the earth* s equa^ 
tor ? ' How does this affect the position of the sun at di£Eerent seasons 
of the year ? Does the plane of the equator pass the ecliptic perpen- 
dicularly or obliquely 7 What angle is included between them ? 
What is this deviation of the ecliptic from the plane of the equator 
called ? Can you illustrate this subject by the map? 



L — ^What is the Zodiac ? How is it represented on the map? 
What portion of the heavens does the Zodiac include ? 

SI7. — ^The subject of this lesson 7 How is the Zodiac divided 7 
How are these divisions shown on the map ? What did the ancients 
unagine respecting the stars of each sign ? What are the names of 
the twelve signs ? Can you make their symbols on the black-board ? 
What notion nad the ancient astrologists respecting the signs ? Are 
there any that still hold to this idea ? Is it correct 7 What do they 
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teem to andentind by the word *' wigu f* What ii ito trao moaatiig 
in Agronomy 7 



.—Its nxbject ? What dooo Figaro 1 on the map repreeent ? 
What if the plaue of the ecliptic 7 [&] How many times must a 
planet pass through the ecliptic at each revolutioD 7 What are the 

Sinti called where a planet cuts the ecliptic 7 How are the nodes 
itingaished7 Can you make the astronomical sign for each? 
What is meant by the line of the node* ? Point it oat on the map 
In the fiffure, where is the Ateending Node placed as respects the 
•gus 7 Where the descending ? Dms the figure represent the ac- 
tual position of the nodes of any planet's orbit 7 



^ — What is a transit ? Which of the planets make transitB 
over the son's disc visible to as 7 Why do not the other plauets 7 
What planets would make transits if we were placed upon Herschei 7 
Where most the planet making the transit be, at such time, in re- 
elect to the nodes of its orbit 7 How with the obsenrer7 Why do 
not the inUrior planets make transits at every conjunction with the 
sun 7 How could this be efiected while their orbits do not coincide 
with the ecliptic 7 How are transits calculated 7 How often can 
the Earth and Mercury meet at the same node 7 

90. — Subject 7 In what numths do all the transits of Mercury 
occur ? Why is this 7 At which node do his November transits oc- 
cur 7 His May transits 7 Do the transits in the table conform to 
the ratio laid down in Lesson 29 7 Did you ever see a transit 7 When 
does the next transit of Mercury occur t 



Subject 7 How many revolutions of Venus equal eight of the 
earth 7 Can you state any of the other periods in the table 7 Where 
does the line of Vemu^ nodes lie 7 When does the earth pass these 
points in the ecliptic? What fact follows from the last-named 
circumstance? When does Venus make the next transit? How 
many, yet to occur, are laid down in the table 7 Are those predicted 
to occur in accordance with the ratios given at the commencement 
af the lesson 7 



lubject 7 What do you understand by an eclipse ? [23] 
What are the orbits of the planets 7 [4] What does Fig. I on Che 
map represent 7 ' Is any planet's orbit thus inclined 7 What does Fig. 
2 represent 7 Where is the sun placed 7 What represents the Eclip- 
tic ? What are seen on the right and left 7 What do the plain lines 
represent 7 Where do you find the names of the planets, and where 
the amount of their iiiclination respectively 7 How much is the orbit 
of Mercury inclined? That of Venus? Earth? (Think, now.) 
Man, &c. ? What part of the map represents the Zodiac ? Where 
do most of the planets' orbits lie, as respects the Zodiac 7 What ex- 
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eeptioiui? Hence eometimes called what? What two objects are 
seen near the middle of the &gan 1 What difference in their direc- 
tion ? What fact is this designed to illustrate 7 

33. — Are the equinoctial and ecliptic in the tame plane ? At 
what angle do they intercept each other 7 What is terreetrial lati^ 
iude ? Is celestial latitude reckoned from the equinoctial or celestial 
equator? From what, then? What, then, is celestial latitude? 
What seeming contradiction follows from this fact ? 

34. — ^What is longitude on the earth ? From what point in the 
heavens, and Aow, is celestial longitude reckoned ? What is the map, 
as a whole, a representation of? How must it be placed to answer 
to the Zodiac in the heavens ? Show me where you begin to reckon 
longitude on the map, and where you end. If Aries, for instance, 
were directly overhead, where would Libra be ? What is the ioo- 
gitude of the Twins ; the Lion ; the Balance ; the Groat, &c. ? 

35. — ^Subject ? In what sigtu are the nodes of Mercury's orbit 7 
Where and how is this illustrated ? Which side of the ecliptic is con- 
sidered as above, and which below ? What, then, is it to ascend 
above, or descend below it ? What do the arrows near the sun show 7 
What the next pair 7 Why is not the longitude of both nodes laid 
down in astronomical tables 7 What example does your author cite 7 
Can you give the longitude of the ascending nodes of the planets 
lespectively 7 

30. — Subject 7 What is a constellation ? Do the signs and con- 
stellations of the Zodiac bear the same names 7 Do the signs " gov- 
ern" diflferent parts of the human body, as stated in some ^manacs 7 
What are the names of the constellations of the Zodiac ? 

37.— Subject 7 What does Fig. 1, Map 5, represent 7 When 
the earth is in Libra where will the sun appear to be ? As she passes 
around to Scorpio, what will the sun appear to do 7 Hence what does 
the sun seem to do once a year 7 How is this illustrated by Map 6 7 
What is the earth's longitude on the 20th of March ? What sign 
does the sun tenter on that day 7 When does the sun enter the dif- 
ferent signs? Does he really move around the ecliptic? What, 
then, gives him his apparent motion? Which are the spring signs, 
and why so called 7 Which the summer ? The autumnal ? The 
y>inter ? 



\, — Are there any stars above us in the daytime ? Why do we 
not see them 7 If we could see them would they be the same thai 
we now see in the night ? What stars, then, are above us in the day* 
time 7 Are stars ever visible in the daytime ? When ? How i 
Why do the stars rise earlier and earher every night from year to 
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year 1 How do yoa illoBtnte this nibject by the map t What other 
oae do yoa make of thii map ? 



^ — Subject 7 Why are the names of the mmaks placed as they 
are on the map? Do the months and signs agree in longitude? 
Which is enterad fint, the new eign or the new month ? What is 
the difference of time 7 How is this shown on the map 7 

40. — Subject? By what imaginary hnee is the Zodiac divided? 
Hovir distingaished on the map 7 What are the equinoctial points in 
the earth's orbit? Why so called? What is the equinoctial? 
When does the earth pass the equinoctial points 7 How are these 
points distinguished 7 

4U. — Subject? Is this an easy or a difficult lesson? In what 
signs are the equinoctial points 7 What do you understand by the 
** Precession of the Equinoxes ?" Is it an actual precession of the 
equinoxes, or a recession ? Do the equinoctial points, then, actually 
recede ? What is the amount of their annual motion 7 Are the equi- 
noctial points fixed points, then 7 What, then, constitute the vernal 
and autumnal equinoxes ? What constitutes a natural or tropical 
year ? Is the equinox reached before the earth has made a complete 
periodic revolution 7 How much more time is requisite to complete 
a sidereal revolution 7 How long does it take the sun and equinoxes 
to fall back a whole degree 7 Do the signs recede like the equinoxes? 
Which way do they seem to move from the equinoxes? ' What does 
this motion require in regard to maps and celestial globes? How 
often does this recession of the equinoxes amount to 30° 7 

4&« — Subject 7 How are the solstitial points represented on the 
map ? When does the earth reach the summer solstice ? When 
does the sun seem to be then 7 When does the earth reach the win- 
ter solstice 7 Where is the sun then 7 What causes the declination 
of the sun north and south of the equinoctial 7 

43. — Subject 7 What are the Colures ? How are they distin- 
guished, and why 7 How are they compared to meridians ? How 
do they divide the celestial sphere 7 How illustrated by hoops of 
wire ? What is gained by knowing the place of the colures iu the 
heavens 7 



« — Subject 7 Upon what supposition has your author proceed- 
ed" thus far, as respects the planets' orbits? ^ What is their true fig- 
ure ? Where is this represented 7 Are the planetary orbits all alike 
in this respect 7 What bodies have orbits still more elliptical 3 Where 
is the sun found as respects the centra of these elongated orbits 7 
Illustrate by the map. What is the point where the sun is found 
eaUed? 



I ' 
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\s — ^The subject ? What it the perihelion point in a planet'p 
orbit ? What the aphelion ? What do perigee and apogee mean in 
respect to the moon 1 Point out the peri/ielion and aphelion points 
in tho earth's orbit, on the map. What is the difference between the 
perihelion and aphelion distance of a planet ? What is meant by its 
mean distance ? Which distance is given in Leeton 8 ? What do 
you undeistand by the longitude of periheliona ? In what longi^ 
tude is the earth nearest the sun ? Can you point out upon Map 6 
the perihelion points of the several planets,^ according to the longi- 
tude given in the table ? 

49. — What is the subject of this lesson ? What is meant by the 
eccentricity of a planet's orbit ? How illustrated by the map 1 What 
is the eccentricity of the orbit of Mercury ? Of that of Venus 7 Of 
the Earth ? If the sun is 1,618,000 miles one side of the centre of 
the earth's orbit, how much nearer the sun is the earth at perihelion 
than at aphelion ? Which of the planetary orbits are the most ellip- 
tical ? Which is the nearest a circle 7 

47. — Subject 7 How much is the earth's axis inclined to the 
ocUptie ? Where is this iiluBirated7 What other fact is illustrated 
by the same figure 7 When does the light of the sun extend to both 
poles 7 When have we the greatest amount of sunlight in the north" 
ern hemisphere 7 Is it summer or winter here, then 7 Where, on 
the map, is the earth at this time 7 Where is the earth at the time 
ol the winter solstice 7 What has the sun appeared to do between 
the summer and winter solstices 1 What is thus produced by his 
seeming change of position 7 Are we nearest the sun in eumtner, or 
in winter ? Why, then, is it not warmest in the northern hemisphere 
in December 7 How may the eccentricity of the earth's orbit affect 
the seasons 7 



L — Subject 7 What do you undeistand by the snn's declination 7 
When does he have northern declination 7 When southern 7 What 
is his declination at the time of the equinoxes 7 When is it greatest? 
What figures illustrate this subject 7 What does Fig. 2 show 7 What 
fiirther illustration have we in Fig. 3 7 Point out the place of the sun 
«t the time of the winter solstice. Where is be on the 20th of 
March 7 Where on the 2dd of September? Where on the 2l8t of 
June 7 Is he directly overhead then 7 How many degrees does he 
lack of it, according to the figures? What is meant by the genith 
point 7 From all Uiis, what do we learn respecting declination 7 

40, — Subject? What do yon undeistand by right ascension 7 
What is the equinoctial 7 [40] Wherein does celestial latitude diSet 
from terrestrial? What celestial measurements, then, answer to 
latitude and longitude on the earth 7 Could you understand and re* 
member declination and right ascension betteri if they were caiied 
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eeleidal latitude and longitude ? What does yonr author think of 
mch a change of terma ? How many degrees of right aacension can 
there be 7 Wherein do right ateennon and eeiestial longitude diffisr ? 

60. — ^What ia the ecliptic 7 What are the orbite of the planets? 
What w the snl^ect of lesM>n 32 ? What the subject of this lesson? 
What does your author say of this lesson ? What representi portions 
of the planetary orbits on the map ? How are their several axes 
shown 1 How their equatmre ? Their xonee ? Upon what does the 
extent of the torrid zone of a planet depend 1 How does the son's 
declination north and south of the equator, and polar inclinations 
agree ? How does the torrid xone compare, in its extent, with the 
polar inclination of a planet? Do you now understand how the incli- 
nation of the axes of the planets afiects the extent and character of 
their zones ? What said of Mercury, the asteroids, Heischel, and La 
Venrier? 

U« — Upon what two causes do the seasons of the planets depend? 
What does the former determine? The latter? Illustrate by the 
map. Have you reviewed lesson 46 ? [See questions.] Do you still 
remember what is meant by the obliquity of the ecliptic ? What do 
you understand by declination ? What is the difbrence between tho 
ecliptic and the equinoctial ? 

60. — Subject? How far are Venus' tropics from her equator? 
Has she a frigid zone ? What said of the sun's declination upon 
Venus 7 Of her seasons? Can such seasons produce vegetation 7 

63.'--Subject ? What said of the polar inclination of Mars 7 Are 
his seasons, then, like ours 7 Why not 7 How many seasons has he ? 
What is their length? 



Subject 7 What is the inclination of JnjMter's axis to the 
plane of his orbit? How does this afl^t his zones? What said of 
the sun's declination upon Jupiter? Of his temperate zones? His 
days and nights? His poles? What is his light and heat, as com- 
pared with our globe ? His diameter ? His rekUive magnitude ? His 
figure? The time of his rotation upon his axis? His mean distance 
from the sun? 

55. — Subject? What said of his polar inclination? What is his 
iwriodic time ? What is the number and length of his seasons 7 What 
said of his polar regions? Where do the rings of Saturn lie ? What 
is the time of their revolution 7 How crossed by the sun 7 How are 
the sides of the rings alternately enlightened ? What said of tho 
seasons on the sides of the rings? When will they be turned edge- 
wise towards the earth 7 How will he be enlightened then ? Where* 
in his orbit, will he then be 7 Where in seven and a half years after? 
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How will his rings then appear? What will the miu's declination 
then be from the planet's equinoctial? What will follow in seven 
and a half yean more 7 When will his rings become invisible ? Why 
ean they not then be seen ? When will they become visible again? 
Have we any farther illustration of the seasons of Saturn, the struc- 
ture of his rings, &c. 7 Have all the planets, then, their day and 
iiight, cold and heat, winter and summer, &c. ? 

M.— Subject? What is celestial longitude? [34] When are plan- 
ets said to be in conjunction ? How illustrated by the map 7 What 
planets haye two conjunctions ? What are they called ? What is 
the difference 7 Illustrate by mfip. What difference in the distance 
of Venus from the earth at her two conjunctions 7 How explained 
by the map? What conjunction has the exterior planets? Why 
not an inferior conjunction ? When is a planet said to be in oppon- 
tion? What .said of the rising and setting of planets in conjunction 
and opposition? Make the astronomical signs for conjunction and 
opposition upon the black-board. As Venus, passing eastward, 
forms a conjunction with the sun, how does she usually pass him ? 
How is this accounted for? When does Venus pass over the sun's 
disc 7 How is such transit illustrated by the map ? 

Wm — Subject ? What is a sidereal revolution of a planet 7 What 
a synodic? What is the difference? How illustrated by the map? 
How long from one inferior conjunction of Venus to another 7 Why 
do the synodic periods of Jupiter, Saturn, &c., vary so little from the 
periodic time of the earth 7 



_ J. — Subject 7 What difference between the direct and retro' 
grade motions of planets 7 Can you explain the cause of this seeming 
retrogression, and illustrate by the map? 



/an you explain the retrogression of the exterior planets by 
the map 7 What is meant by the ** arc of retrogradation ?'* Why 
have the m<»e distant planets the smallest arc? Why so long in 
retiograding so short a distance 7 

0ft. — Subject 7 When is Venus east, and when west of the sun ? 
When is she morning star, and why? When evening star, an J 
why 7 What did the ancients think of this star, and how named I 
How long is Venus alternately morning and evening star? What >:« 
meant by her greatest elongation east and west 7 Can you lUuHtruio 
the diflSsrent points in this lesson by the map? 



Subject ? What is meant by " phases?^* Why do Mercury 
and Veuus present different phases 7 Illustrate by map. When doed 
Venus appear largest, and why ? 
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9^ — Subject 7 What three fiicls does ymir author state respeet- 
ing the primary planets? Have any ipots ever been seen upon 
Mercury? By whom? What else does he say he saw and meas- 
ued? What is the telescopic oe^or of Mercary ? Have yon care- 
folly noticed the ten views of Venos shown on the map? What do 
yoQ suppose these ipots to be? What said of the mountains of 
Venus? What of her aimoiphere? What of her color? What 
does Fig. 13 on the map represent ? Where is the observer supposed 
to be, v»d how assisted in his vision ? Why would the land appear 
briKfatest ? From what would the observer infer that our globe revolved 
on her axis, and the time of her rotation? From what Ute inclination 
of her axis 7 From what infer that she had an atmosphere ? What 
said of zones, colors, dtc. ? Whicli figures on the map are represent 
tations of Mars? Have you noticed the several figures from 14 to 23, 
6y whom the views were had, and when 7 How is this variety of 
appearance accounted for? What said of the bright spot. Fig. 22? 
What said of the turfaee of Mari? What says Dr. Herschel of this 
planet? Who constructed a map of Mars? What is his color? 
What is supposed to be the cause of this ruddy appearance ? Can 
it be discerned by the naked eye ? What said of <Hir knowledge of 
the asteroids 7 Of the appearance of Pallas? Are the asteroids visi- 
ble to the naked eye? What is their telescopic color? What does 
Fig. 24 represent 7 What is his color ? Where are his i«Zte ? What 
are they supposed to be ? What is their number ? What said of 
changes in their forms 7 Of spots in them 7 Is the figure an exact 
circle? Why not 7 



L— Subject? What does Fig. 25 represent? What said of 
Saturn's belte ? His rings ? Of the color of the planet and rings ? 
How was Saturn regarded before the invention of the telescope? 
Have you carefully ol^rved the difierent views at the top of the map 
from 1 to 12, and noticed what is said of them in the lesson ? When, 
and by whom was the first view had ? Through how long a period 
do these views extend? Where have we a correct representation of 
Saturn 7 What said of the different appearances of Saturn ? Can 
you explain the cause of these difierent aspects of Saturn, and illus- 
trate by the map 7 For what other purposes may this diagram be 
used? What is the first fact shown? Illustrate. What is the 
second point illustnited? How shown by map? What next does it 
show? Where are Saturn's solstitial points? His equinoctial? 
How may this diagram illustrate declinations ? Why can we not 
see Saturn in the night at all seasons of the year? 



L — Subject? What is Saturn's diameter? The distance ftom 
the body of the planet to the interior ring? What is the width of this 
ring? What space between the two rings? What is the width of 
the exterior ring? The distance across the exterior ring 7 What it 
the thickness of the rings? What does Fig. 4 represent? What said 
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of the Stan? What does Fig. 5 repreeent? Describe its different 
parts. What does Fig. 6 represent? What additional particalars are 
stated by your author respecting the rotation of Saturn, the nature of 
his rings, their actual separation, uses, &c. 7 What said of spots upon 
Herschel i What said of his atmosphere ? How does he appear 
through a telescope ? What is his color ? What said of Le Verrier ? 
What does Mr. Laasel say of Le Verrier's having rings and a aatel" 
Uie 7 

97. — What is the subject of this lesson ? Who discovered Mer- 
cury, Venus, Mars, Jupiter, and Saturn ? Can you tell wken and by 
whom the other planets were discovered ? Who demonstrated the ex- 
istence of the last new planet ? What other astronomer was making 
similar calculations at the same time ? Who first saw Le Verrien 
and where ? Can you explain what has been called " Bode's Law, 
respecting the distances of the planet? How does the distaace of 
Le Verrier compare with the distances of the fixed stars ? What part 
of your book are you now in 1 What part of the solar s^tem have 
you now. gone over or considered ? 



1. — ^What is the subject of this chapter? What of this lesson ? 
What are the secondary planets ? What number is known to exist ? 
How are they distributed to the several planets ? Point them out on 
the map. In what respects do the secondary planets resemble the 
primaries? What purpose do they seem to answer in the economy 
of nature ? What are they usually called? 



K — Subject ? Is it probable that Venus has a satellite ? What 

is its supposed period, distance, and magnitude ? 

70. — Subject? Why is our moon an object of great interest to 
OS ? What is her mean distance from the earth's centre ? How long 
is she in making a sidereal revolution? A synodic revolution? 
What is her hourly motion in her orbit ? Her mean angular motion 
per day? Her diameter? Her angular diameter? ^et bulk as 
compared with the earth ? As compared with the sun ? What is 
the inclination of her orbit to the ecliptic ? The inclination of her 
axis to the plane of her orbit ? In what time does she rotate upon 
her axis ? How much light does she reflect, as compared with the 
sun ? Why does she appear as large as the sun ? How does her 
distances compare with his ? I>o you remember in what ratio dis^ 
tartce diminishes the apparent size of bodies ? Where and how is this 
iiiusti-ated ? 

71. — Subject? What does the npper 'row of figures represent? 
Can you explain the cause of these various appearances of the moon, 
as seen from the earth ? How would she appear to a person sta- 
tioned in the sun ? Explain the different figures from A to H. What 

a 
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are such a revoliitini and the conaeqneni chanfM called ? Where 
an the tyxygiett fuadnttiret, and oetmnU in the moon's orbit ? 

7ft. — What doea Fig. 3 on the map rqmaent? Where are the 
new moona oeenT Where are ih»fuU moooa? Which in conjujtc- 
tion, and which in ojnontum f [56] How much of the moou is al- 
waya enlifffatened 7 How many reyolntiona does the moon make iu a 
year? What ia a famar year? How much shorter is it than the 
civil year? 

73. — Sabject ? What are the nodet <ii[ a planet's orbit ? Are the 
moon*s nodes permanent in the ecliptic ? Wbat motioo have they ? 
To what does it amount every lonar year ? How long, then, does it 
require for her nodea to revolve qoite around the ecliptic ? 

74»— What is the difference between a tidereal and synodic 
revolution of a planet? Can you illustrate by any figure on the 
map? 

75. — Subject ? What fact respecting the moon is obvious to the 
naked eye ? What four conclusions follow from this fact ? How is 
it shown by the map that if the moon always presents the same side 
to the earth, she must revolve on her axis every 29^ days ? 

70.-^iibject 7 What is meant by the moon's libraiionM 7 What 
is her libration in longitude ? What causes this rolling motiou ? 
What is libration in latitude, and how is it accounted for ? 

77.— Subject? What is the length of the moon's year? What 
said of her days and nights ? Of the sun's declination upon her ? 
Of her seasons ? 

78. — Subject? What does Fig. 4 represent? What is meant 
by the *< cirele of illumination ?" What is the terminator ? How 
does this line traverse the moon's disc 7 What are Figs. 5 and 6 ? 

7P. — Subject? What particular fact becomes obvious by ob- 
serving the moon with a telescope? What three ciroumstances show 
the existence of lunar mountains? Can you illustrate by figures 4 
and 6 1 What is the character of the lunar mountains ? What did 
Dr. Heracbel see ? What is said of seeing cities, fortifications, &«., 
in the moon ? Has the moon an atmoqihere ? How does she dp- 
pear through the monster telescope of Lord Rosse ? 



_ . . — Subject ? What is the average height of the nine principdl 
mountains of the moon 7 Have you looked up Tycho, Kepler , ^Co- 
pemieue, &c ? Can you point out the principal aea* upon her sur- 
fiicel 
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81. — Subj.M^ 7 How many moons hwm Japitor ? What are their 
diametert respectively 7 What their distances from Jupiter 7 What 
their periodic times? What resemblance is discovered between 
Jupiter's first moon and ours? What striking contrast 7 How does 
its velocity compare with that of our moon 7 How is this rapid mo- 
tion accounted for 7 How do the orbits of Jupiter's moons lie ? What 
in their mcliuation, respectively, to the plane of his equator 7 What 
is said of their eccentricities 7 In what direction do they revolve 7 
What said in respect to the visibility of these satellites 7 What of 
Jupiter and his attendants as a whole 7 Can any member of the 
class point out each moon upon the map, and g;ive their distances, 
magnitudes, and periodic times 7 

BAa — Subject 7 How many moons has Saturn 7 How is this as- 
certained 7 In what direction do they revolve 7 What said of the 
form and position of the orbits of the first six 7 What of the seventh 7 
Can you give their distances^ respectively, from the body of S^aturn 7 
Cau any of them be within the rings of the planet 7 [Compare with 
distance Lesson 66.] What are Uieir periodic times 7 What said 
of their relative magnitudes 7 How are the two interior moons seen 
when the lings of Saturn are turned edgewise 7 



L — Subject 7 How many moons has Herschel 7 Can you re- 
cite their respective distances from their primary 7 What are their 
periodic times 7 What two remarkable peculiarities distinguish the 
moons of Herschel 7 How is the latter indicated on the map 7 What 
is the general form of the orbits of these satelUtes 7 

84. — Subject 7 Is it probable that Le Verrier has one or more 
satellites 7 Have any ever been seen, and if so, by whom 7 What 
other circumstances seem to render the existence of such moons prob- 
abib 7 Do the secondaries rotate upon their respective axes 7 Have 
they any attendants revolving around them 7 

' 85.— What is the subject of this chapter 7 What part of the solar 
system have you now considered 7 What is the subject of thiisi Us- 
son 1 What is an eclipse 7 A solar eclipse 7 A Iutiot 7 Where 
do we begin in explaining the philosophy of eclipses 7 What is a 
shadow 7 Upon what do the length and form of shadows depend 7 
Illustrate by map. What would be the form of the earth's shadow 
if she were larger than the sun 7 When the opaque body is smaller 
than the luminous, how does its distance affect the length of its 
shadow 7 Illustrate by map. What difl^rence between the umbra 
and penumbra 7 What, then, is the cause of a solar eclipse 7 Il- 
lustrate by map. Which limb of the sun is first obscured, and why 7 
Illustrate. What causes lunar eclipses 7 Explain, by map, why the 
eastern limb of the moon is fint obscured. Why are solar ecUpees 
always at new moon 7 Why lunar sXfuU moon 7 
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—Subject ? What m the fint thing to be determined in calcu- 
lating a aolar eclipee 7 How does the place of the earth in her orbit 
afiect the length of her ifaadow? Illustrate. Why are the shadows 
of the earth and moon longer at U, and shorter at T ? How does the 
moon*» position^ in her orbit, affect her shadow ? What is the third 
circumstance mentioned as affecting the length of the moon's shadow ? 
When the earth is at U, and the moon in perigee, how far will her 
shadow extend ? What will be its diameter at the earth's surface ? 
What of the penumbra f When will the eclipse be partial, and when 
total ? How is it when the sun and moon are both nearest the sun, 
as at T and U ? How when the sun and moon are at their mean 
distances 7 Why do the sun and moon appear to vary in size 7 How 
must the sun and moon be situated, as to distance, for a central solar 
eclipse to be total? How long may a total eclipse of the sun last 7 
When does the moon appear tmaller than the sun 7 Should a central 
eclipse of the sun occur then, what would be its character 7 How 
long may the ring last in an annular eclipse 7 What is meant by 
** digits ?" Do you now understand the cause of partial, total, 
central, and annular eclipses 7 What said of the eclipses of 1858, 
1861, &«. 7 Of those of 1854, and 1875 7 Knowing the time of one 
eclipse, how can we finjl the time of others, either past or to come 7 

87. — Subject? What is the averase length of the earth's shadow 7 
How does this compare with the moona distance f What its average 
hreadth at the distance of the moonT What three circumstances are 
mentioned as afiecting the extent and duration of lunar eclipses? 
Illustrate the last-named principle. Why is a lunar eclipse ever 
partial 7 Why are they never anrndair 7 Describe the progress of 
a lunar eclipse. 

88. — ^Why do we not have two centra) eclipses every month 7 HIus- 
trate. Where must the moon be for an eclipse to occur 7 Explain 
by Fig. 2. Must the moon be exactly on the line of her noides? 
What are the solar and lunar ecliptic limits 7 To what do they 
amount respectively 7 How illustrated by Fig. 2? What singular 
motion have the moon's nodes? Illustrate. Why are we sure of an 
eclipse every one hundred and seventy-three days 7 What are the 
node months ? What the least, and what the greatest number of 
eclipses per year 7 What the usual number 7 



__ J. — Subject? What causes the oecultation of a star? What 
conclusions are drawn from these eclipses of the stars? 



K — Subject? Do all planets cast shadows? Why cauhot the 
primaries eclipse each other 7 What said of the character of Jupiter's 
shadow ? Of its position 7 Of the plane of his equator? Of the orbits 
of three of his moons ? What said of the fourth, or most distant 
satellite ? What is generally the case as to Jupiter's moons 7 About 
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how many eclipses has Jupiter in a month ? Are they usually pnt* 
tial, or total, and why? What said of the shadows of his satellites ? 
What are the itnmernoru and emermons of his moons? How are 
these eclipses made senriceable in navigation ? 

PL — Subject? Has Saturn any eclipses? Why confined to the 
time when bis rings are seen edgewise? What said of Herschol's 
moons? 

9Skm — What is the subject of this chapter? Which division of the 
book are you now in ? What are the subjects of the chapters already 
gone over? 'What is the subject of this first lesson on tides? What 
are tides ? Flood tide ? Ebb tide ? How many each day ? What 
caueee the tides? What does Fig. 1 represent? What does Fig. 2 
illustrate ? Fig. 3 ? Hpw do yon account for high tides on the side 
of the earth oppoeite the moon ? Illustrate by map. What is the 
supposed amount of the earth's perturbation, as aflbcted by the moon 7 

P3.*-Subject? Where is the vertex of the tide^wave generally 
found ? How illustrated by map? What is the eauee of this lagging, 
or delay? Why is high-water later and later every day? Why is 
every alternate tide higher than the mtermediate ones, when the 
moon is far from the equinootian Illustrate by the map. 

P4. — Subject? Is the moon the only cause of tides? What is 
the coftiparative bulk of the sun and moon ? Why, then, is not the 
sun the principal cause of tides ? W^hat is his influence upon the 
earth, in the production of tides, as compared with that of the moon ? 
Would the sun alone produce a perceptible tide-wavo ? When both 
influences are united, what is the comparative inereaoe of the tide- 
wave ? When they counteract each other what is the result? What 
are these very singular tides called ? What the low tides ? When 
do the epring tidee occur ? When the neap tidee ? . How illustrated 
by the map? When the sun and moon are- in oppoeition, how are 
spring tides produced ? Does your author seem satisfied with the 
usual explanation of this point? What objection does he name? 
What said of Professor Olmsted's explanation? What does Fig. F 
represent ? What A and C ? What B and F? Can you state Pro- 
fessor Davies* theory, and illustrate by the map ? What says your 
author of this theory ? 



L — How are our tides afl^cted by the dietance of the moon ? 
Illustrate. What principle is illustrated at E ? What variations in 
the height of the tides in difierent parts of the world, and how caueed ? 
What said of local eausee detaining or hastening the tides? Of lakes 
and inland seas? Of atmospheric tides ? Of tMes on the sun 7 

PC. — Subject ? Define the apsides of the moon's <»bit, and illne- 
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tnto }gf SMB. Wbal u mMal Iff the ''wmimm •f ike mpnde»r 
lUuitimta. In what timd ii a& entoe w T u l uti u n eooiplated? Has 
thii molim a&j connectjon wMh edipae^? 

P7.-~Whal w tho Mibiect of this ekafter ? What an the subjects 
of the ehaplei* preoedmgT What is the subject of this lessoa ? What 
said of the ckaraeter of cometsl Fram what is their name derived? 
Of what parU do oomets nraally cimisit T Deoeribe each. Have all 
eomeu a nueleut 7 Have thej all taiU ? What says Gaarini of the 
oomet of 16827 What is the genetaliiirMfMii of the taab of comets? 
Illustrate. What peculiarity in the comet of 1823» and how illus- 
trated by map ? How are the tails of cometi umally curved? What 
is the cause of this cnnratoie 7 Could a comet get through our at- 
moi^eie so as to strike the earth 7 What said of the comet of 17447 
How shown on the map? What said of the eUmgation and eonlriar- 
Itoa of the tails of comets 7 Of eadden eiqiansions 7 Of the phyeUal 
mature of comets? What proof e of their lightnesi from attraction 7 
What was Sir Isaac Newton's opinion of their density 7 How are 
their orhite sometimes afiected by the attraction of the planets? Are 
they self-luminous, or opaque bodies? What proof? Are they in 
reality *' fiery bodies?" 

P8. — Subjects 7 What said of the oomparatiye tixe of the im- 
eUi of comets? Can yon give the diameter of any ? What said of 
the magnitude of the taUe of comets? Of that of 371 years before 
Christ? Of A. D. 1618? Of 1680? Can you point out these 
comets on the mi^ ? Give the length of the tails of some of the most 
remarkable comets. Does the ai^rular length of comets, as seen 
from the earth, show their true relative length 7 What said of the 
velocity of comets? What inequalities 7 When is their velocity 
greatest? When least? What was the angular velocity of the 
comet of 1473 7 [See lesson 10, and map.] What was the hourly 
velocity of the comet of 1680 7 What said of the temperature of 
comets when nearest the sun 7 What was the perihelion distance of 
that of 16807 What its relative Ughtf Its heat ? What supposi- 
tion respecting the production of the tails of comets 7 



K — Subjects 7 What is the periodic time of Encke's comet ? 
OiBUla's? Of HaUey's? Of the comet of 16807 When next to 
return 7 Have any still longer periods 7 Do all comets return to our 
system? Why not? What is Professor Nichol's opinion.' Who 
concurs with him 7 What said of the distance to which some that re- 
turn must go? What does this prove in regard to the distance to the 
lixed stars 7 What said of the perihelion distance of comets 7 How 
were the perihelion points of the one hundred and thirty -seven comets 
mentioned distributed? What said oi the number of comets 7 What 
circumstances render it probable that their number amounts to millions? 
What was Professor Arago's conclusion, and from what premises 7 
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lOO. — ^What said of the direetion of comets ? What says Pro- 
feasor Kendall of their iaclinatioos ? How is this circamstance re- 
garded by him ? What is the usual form of the comets' orbits ? Why 
not seen longer from the earth ? How were comets formerly regarded ? 
Are they dangerous in the solar system? Is a collision with the 
earth probable? What are the ckance$ for such a catastrophe? 
What would be the result, if they should strike our globe ? What is 
Professor Olmsted's opinion? 

lOL — Of what does this chapter treat? What is the subject of 
this particular leseon ? What said of the poeition, office, and com' 
parative importance of the sun? What is his diameter? How 
illustrated by tunnel, and railway ? How does his diameter compare 
with that of the earth ? How his mass 7 How with the whole solar 
system besides ? How is the subject of his magnitude illustrated by 
reference to the moon's orbit ? What is the true form or figure of the 
sun ? Illustrate his relative diameter by the map. 

lOS. — Subject? What does the telescope reveal upon the sun's 
disc ? What said of their number 7 Are spots always visible ? What 
ifi the greatest number ever visible ? What says your author of his 
own observations? 

103. — Subject? What is the appearance of the solar spots? 
Point out a nucleue, and its penumbra, on the map. Can you name 
some of the principal phenomena of the solar spots? What did 
Professor Henry ascertain ? What was Lalande's opinion ? What 
thought Dr. Herschel of this suggestion? What was Herschel's 
opinion ? What said of tides on the sun ? To what conclusion did 
Professor Wilson arrive? 

104, — Subject ? What view of the sun is shown on the map ? 
What said of Dr. Herschel's .observations and statements ? Of Dr. 
Dick's views? What does he infer from the fact that spots have 
been seen by the naked eye? What says your author of this con- 
clusion ? 

100. — Subject ? What is the inclination of the sun's axis to the 
ecliptic ? What proof have we of his revolution on his axis ? In 
what direction does he revolve ? In what time 7 What difference 
between his sidereal and synodic revolutions ? How do you account 
for this diflbrence of time ? 



(. — Subject? In what direction do the solar spots cross the 
sun's disc? How, then, can he revolve from west to east ? Uow^ 
illustrated by two spheres? What said of the apparent inequality of 
motion of the solar spots? How ezi^ained, or accounted for ? How 
ilustrated by Fig. 1 ? Explain theu: change of figure by the uiap. 
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What chanm in the apparent direction of the spots at different 
seasons, and how explained* and illastrated by the map? 

XOWm — Subject? Is this subject well undeistood? How does the 
iun appear throun^ a telescope ? What was La Place's opinion con* 
cemmg it? What is the most probable opinion? What says 0r 
Herschel of the temperature of the sun ? What calculation in refer- 
ence to the li^ht and heat of the sun's surface ? What remark in 
re^rard to ignited solids ? What does Dr. Herschel infer from this? 
Does his conclusion necessarily follow? What says he of a reflective 
canopy, &c. ? What does he consider the great mystery in regard to 
the sun? Does chemical science throw any light upon this question? 
What does Dr. Herschel conjecture ? 



L— Subject ? What is meant by the zodiacal light? What 
is its form ? How does it seem to surround the sun ? With what 
does its shape seem to correspond ? How, then, do we account for 
its apparent shape as seen from the earth? What said of the natture 
of this substance ? What is Professor Nicholas opinion ? What says 
Dr. Herschel? What say Dr. Dick and La Place upon this point? 
What are the dimensions of this phenomenon, as given by Dr. Her- 
schel ? What other opinion is adyanced respecting the zodiacal light? 
What says Professor Olmsted? Who concur with him in this opin- 
ion? Which are the best months for observing this phenomenon? 
What interesting fact is stated by Professor Nichol ? What does this 
leem to indicate ? 

lOO. — Subject? What astonishing fact has been ascertained 
respecting the sun ? How many motions has he ? What is the first ? 
The second? The third? Who ascertained the direction and 
velocity of the sun ? What is the point of tendency ? What is the 
estimated velocity of the sun ? With this fact in inew, how should 
the sun be regarded? What still more magnificent idea? What 
further light is thrown upon this interesting subject ? Who has the 
credit of discovering the '* central sun ?** Where does he locate the 
centre of our cluster of suns? What star does he fix upon as the 
central orb? What is the supposed distance of Alcyone, as com- 
pared with that of our sun ? How does this distance compare with 
tl^t of Le Verrier ? How long would light be in traversing this dis- 
tance ? What is Mildler's estimate of the periodic time of the sun ? 
Of hjs velocity ? How does the plane of the sun's orbit lie, with 
respect to the ecliptic ? Where the ascending node of his oH>it ? 

110.— What is the subject of this chapter ? Of this particular 
lesson ? Can you describe what is called the nebular theory ? Who 
originated this theory? What circumstances seem to favor it? Is 
it open to any serious objections? What is the first? What is the 
#e«md objection ? The third? The fourth? The fifth? Do any 
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rennl this theory mconafltent with the Mosaic account of oreationT 
What is the opinion of your author? 

XXL — Subject? How many principal laws that govern planetary 
motions? What called, and why? What is the first of these laws? 
What is an ellipse ? What is meant by the major, or transverse axis 
of an ellipse ? What are the foci ? What is the radius-vector ? 
[See map 7, Fig. ].] What is the second law of Kepler? Can yon 
illustrate this law by the map? What is the third law ? Can you 
illustrate by an example ? Does this law prevail throughout the solar 
system ? 

XXd. — Subject ? In this illustratiou, what is the relaUve diameter 
given to the sun? Mercury? Venus? Earth? Mars? The As- 
teroids? Jupiter? Saturn? Herschel? Can you give any of the 
distances according to this representation ? 

XX3. — What is the question discussed in this lesson ? What sus' 
picion was entertained before the discovery of the asteroids ? Upon 
what was it based ? What influence had this opinion upon astrono- 
mers ? What opinion has been advanced in respect to the origin of 
the asteroids ? What six facts are supposed to favor this hypoUiesis ? 
To whom does this theory belong ? What other astronomers favor it ? 
What says Dr. Herachel of it ? What remark by Dr. Dick ? What 
new theory by General Root ? What does your author think of Dr. 
Giber's theory, and why ? 

1X4. — What question is discussed in this chapter ? Have we any 
direct testimony upon this subject ? Upon what, then, is the argu- 
ment based ? What is requisite to a full appreciation of this argument 
from analogy ? What facts, then, seem to require that the planets 
should be inhabited? The first ? Second ? Third? Fourth? Fifth? 
Sixth? Seventh? Eighth? Ninth? What argument from the an- 
imal inhabitedness of idl parts of our globe ? What part of the uni- 
verse, and ci your book, have you now gone over? What yet 
remains to be considered? What is meant by the solar system? 
What by the sidereal heavens ? 

X15.— What iB the subject of Part II.? Of this first chapter? 
Of this particular lesson? What four characteristics are mentioned 
as distinguishing the fixed stars ? 

Utf.— What is the first step in classifying the stars ? What the 
second ? How many magnitudes 7 Which are visible to the naked 
eye, and which telescopic ? Illustrate by map. Does this class.fi. 
cation indicate their actual relative magnitudes ? Why not ? What 
is the third step in classifjring the stars? How are the individual 
BtBiB in each constellation designated ? What is the fourth he'p in 
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finding and numbering stan ? The Jifth ? Can you give th« 
nanuB of any rtara ? Can you name any cltutera ? How are the 
Stan still furUier diatinguished ? 

XL7« — Subject ? Ib it ponible to determine the actual number of 
the fixed stans? What ia the estimated number visible to the naked 
eye ? Can you give the numbers of each of the first six magnitudes ? 
What is the estimated number yisible through telescopes ? Cau you 
recite the number of each magnitude from the seventh to the twelfth 
inclusive? What is the entire number of ail magnitudes? What 
remark of Dr. Herschel? Of Professor Olmsted? What estimate 
respecting the number of worlds m our firmament ? How do all these 
compare with the boundless universe? What idea is advanced in 
regard to the employments of the Christian in a future state ? 

110. — Subject? What is the estimated distance of the nearest 
fixed star? How long would light be traversing such an abyss? 
How many times its present distance must such a star be removed to 
appear only of the twelfth magnitude ? What astonishing conclusions 
follow from these premises ? 

UO. — Subject? What inference respecting their magnitudet 
from their distaneet ? Is it probable that the stars are of uniform 
size ? What opinion prevails among astronomers respecting them ? 
How many times his present distance must our sun be removed to 
transmit no stronger Ught than Sinus ? How far off would that be ? 
How much leas than the distance of Sirius ? If, then, the light of 
Sirius would equal that of our sun, though seven millions of milee 
farther off, what must be his relative magnitude and splendor ? What 
does Dr. WoUaston conclude respecting this star? What is the mag- 
nitude of Vega in the Lyre, as compared with the sun ? Of 61 in 
the Swan? What interesting circumstance is mentioned respecting 
Sir John Herschel and Sirius? Can you give the relative light of 
the stars of the first six magnitudes 7 

UO. — Subject?. What are constellations, and what was their 
origin? What said of their anfi^utty? What proof ? What said 
of their numl^ at first? Is there room for any additional constella- 
tions? How are the constellations divided, or classified? Which are 
the zodiacal ? Which the northern ? Which the wuthem ? What 
other distinction of the constellations? Can you name the zodiacal 
constellations ? What is their number ? How many northern con- 
stellations are there? Of these, how many are modem? Can you 
name any of the northern constellations ? What is the number of 
southern constellations 7 How many ancient 7 Modem 7 Can you 
name some of the southem constellations ? Can you recapitulate the 
number of constellations in each division, and the total number? 
What is the total number of principal stars? [This number id 1917 
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leas than the nnmher given as yisihle to the naked eye, in the table 
117; bat one taUe includes only the " principiil** stars, while the 
other embraces all that are " visible."] 

121. — Subject? Upon what atlat Is the student to trace the 
constellations 7 How are the zodiacal constellations arranged ? How 
may Ariet hh known? How find Tauru» ? What said of the lar- 
gest star in this constellation? What are the Hyades? Of their 
arrangement? How m9.y' Gemini be known? What said of Can- 
cer 7 For what distinguished ? For what is Leo remarkable ? What 
is the name^ magnitude, and position of his largest star ? In what 
manner are his other stars arranged, and where, in this arrangement, 
is Regulus 7 What other star is named, and what in its magnitude and 
position ? Describe the next constellation. What star is named, where 
is it found, and what its magnitude? What said of the remaining 
Stan?, How may Libra be known? What constitute the beam 
of the scales? Where is the smallest of the four stars ? What said 
of Scorpio ? Of his head ? Of his relation to the ecliptic ? What 
star is named, and what said of its position, color, and magnitude ? 
Where does Capricomtu lie, and how may it be known? How is 
Aquarius represented 7 What are the magnitudes of his four largest 
stars ? How find the head of the figure ? Describe Pisces, their 
position, number of stars, du;. Where is the largest star situated, and 
what is its name and magnitttde ? 



Subject? Where do we begin this review, and in what 
direction do we proceed ? How may Andromeda be known ? De* 
scribe the figure. What said of the middle star ? Of the one west 
of Mirach? Of the eastern one 1 What said of the position of 
Mirach in respect to the Coluree ? What of the size of the three 
principal stars? Of the girdle of Andromeda? What directly south 
of Mirach ? Where is Perseus situated 7 What is the figure l Where 
is Algol situated, and what is its magnitude 7 What star east of 
Algol, and how far? What other stars are mentioned ? What is the 
figure of Auriga, his posture, and position ? What said of his prin- 
cipal star? Where situated, and how known? Where is the Lynx 
situated, and what said of its component stars? Of what is Le4> 
Minor composed, and where situated 7 What said of Coma Beren- 
ices, its situation, and principal star? What of Charles's Heart? 
What is the figure of Bootes? What larse star in this constellation, 
his magnitude, situation, and color? What said of his "sous?" 
What other principal stars in Bootes 7 Where is The Crown situ- 
ated ? Of what does it consist 7 What is the position, magnitude, 
and name of the largest star ? How else known 7 Where is Her- 
cules situated? What the figure? How placed? Describe this 
constellation. Where is Ophiuchus situated? Describe the figuie. 
What constitute the head of the serpent ? How trace the folds of tlie 
serpent 7 What is the name and magititade of the pr.ucipal star w 
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this constollation ? Where 'm it ntoated? For what w Aquila 
eonspiouous 7 What is the name, pontunif magnitude, and appear- 
anee of its principal star 7 Where, with respect to the Eagle, does 
the constellation Antinous lie? Where is the Dolphin situated, 
and how may he he known? How is Peffasus situated, and 
how descrihed? How may he be known? What said of their 
magnitudes, dtc.? Where is the Horse's Head situated, and how 
described ? 

What Constellations are next to be considered ? Where is Urea 
Minor situated ? Of what does it consist ? In what form are Uit> 
seven principal stars arranged, and where is the Pole Star? How 
may Urea Major be known t How many stars in the Dipper ? What 
part of the Bear do they constitute ? Can you name any of these 
•tars ? For what is Mixar remarkable ? Which are the Pointers, 
and why so called ? Where does the head of the Great Bear lie, 
and of what composed? What said of his feet? What said of the 
extent and situation of Draco ? How may he be traced ? By what 
may his head be identified? What is the magnitude of his principal 
stars? Where does Cepheus lie? Has he any conspicuous stars? 
Describe the figure. How is Cassiopeia represented, and how situa- 
ted 7 Of what is her chair composed, and what are their magnitudes ? 
For what is Lyra distinguished 7 Where situated ? What is its prin- 
cipal star called ? What is its magnitude ? What other stars in this 
constellation 7 Where is Cygnus situated? Describe its principal 
stars. Give the name, place, and magnitude of the largest o( the 
group. What said of the remaining stars 7 Where is Camelopardalus 
situated? What said of its character? Of its priucipal stars? 
Where is its head situated? Of what is the Lynx, composed? 
Where situated 7 Its three largest stars are how large ? 

3A3, — Subject? What general remark respecting the southern 
constellations 7 What is the comparative magnitude of Cetus? 
Where situated? How placed? How may his head be known? 
Give the name, place, and magnitude of his laigest star. Where is 
Orion, and what said of him? What is the ^^ure? How many 
principal stars 7 What stars form the shoulders ? The head ? The 
belt or "bands?" What other name have they, and why? What 
constitutes his sword ? What are the belt and sword together some- 
times called? Which star u called Mintika, and near what is it 
situated 7 Where is Rigel, and what his magnitude 7 Saiph, and 
his magnitude? Where may Lepus be found, and how knowu ? 
What is the name and magnitude of his principal star? Where dove 
the Dove lie? How many visible stars? Name the brightest, and 
next brightest, and give their relative positions. How may Beta be 
cnown 7 What is the direction of Eridanus ? Its length 7 How 
divided? Where does the southern begin and terminate? [The 
southern stream is a continuation of the northern, which forms a b«ud 
near Cetus. and passes off southeasterly towards the Dove, and then 
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flows to the southwest till it disappean. Rigelf' in Orion, is in thif 
stream. Its remaining stars are mostly of the third magnitude.] 

Where is CanU Major situated? How fouud? What said of 
Siritia ? Where may Canis Minor be found ? What principal stars, 
their names, and magnitudes? Where is The Unicorn located? 
What is the magnitude of his principal stars ? How may his head be 
found? Where may the head of Hydra be found, and how known ? 
What star in his heart, his position, and magnitude ? Where is Th4 
Crow situated, and how represented ? What number of visible stars, 
and their magnitudes ? What said of Argo Navis ? How situated ? 
How known ? Where is the star Market ? What stars of the sec* 
end magnitude ? What of the first ? What said of Ceniaurus ? Of 
Lupue ? Where is Sextant ? What is the size of its largest star, 
and how situated ? What said of The Crote 7 Its situation, and 
componeni stars ? 

ISML — What is the subject of this chapter? Of this leeoonT 
What meant by double, triple, and multiple stars? What other 
names for the same things ? In what two ways are stars supposed 
to be rendered double? Are these companiomahipe more frequent 
than could result from accidental causes ? What does Fig. B repre- 
sent ? What said of their color and magnitudes? Why an interest- 
ing double star ? What does Fig. C represent? What said of the 
colore and magnitudes of its component stars ?y What is their di»* 
tan6e from each other? What does Fig. D represent? Their mag- 
nitudes ? Distance apart ? Their colors ? What said of this star as 
a test object ? Of what is Fig. £ a representation ? What is the 
a>lor of these stars ? What their magnitudes, and distance asunder ? 
What estimates have been made of the rmn^er of double stars? 
What first led astronomers to suspect the physical connection of 
double stars, and their periodical revolution ? 

XA5. — Subject? What are Binary systems ? How were their 
revolutions detected ? What said of the periods of those best known 7 
What double star is mentioned, and where found ? When first no- 
ticed ? What is their periodic time ? Their angular motion ? What 
curious calculation has Dr. Dick respecting these stars ? What sys- 
tem is represented at Fig. G ? What is its probable period ? What 
does Fig. H represent ? Can you give their period, color, and mag- 
nitudes 7 In what light should these systems be regarded ? What 
says Dr. Dick of them? What said of their proper motions in space.? 
What is the supposed cause of the variety of colors they present? Is 
it probable that the oolors are merely Complementary in all cases ? 
What said of isolated red stars? 

X26. — Subject ? What are variable stars 7 What is the char- 
acier ol their variation ? How is the term " period " apphed to variable 
stars? What two remarkable periodic stars are mentioned? Where 
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18 Jitra mtuated? What said of Hs variations; Where is A^lf 
What aaid of its Yariatioiw, period, color, &c. ? What is the supposed 
€au$e of these periodic variations? What says Pn^eesor Olmsted ? 
What other theories to account for these variations ? What remarks 
by Mr. Abbott? 

U7. — Subject? What are tftitporary 9tar9? What said of 
Hipparchns? What of the temporary star of 389? Of that of 
November, 1573? What remark by Mrs. Sumerville ? What 
observation by Dr, Diek ? What opinion by Professor Vinee 7 
What say La Place, and Dr, Chodt 7 



Subject? Whi^ said of introducing this subject here? 
What are the falling or shooting stars? When great nombers fall, 
what are they called? When did tde most remarkable of these 
occur, and how described ? From whence are these meteors supposed 
to come, and how ignited? How does Professor Olmsted account lor 
them? 

1A9. — Subject? Give the names and places of some of the 
dusters. For what sometimes mistaken? What list has been 
formed, and what said of H? How known to be clusters, and uot 
comets 7 What said of the forms of these clusters? What said of 
the number of stars they contain ? What said of Fig. I, and of red 
fltara^ What said of the probable natwe and distances of the indi- 
vidual Stan of these clusters ? What does their globular figure indi> 
cate ? What further said of J and K ? Of a new cluster ? 

XdO. — Subject? To what is the term nehuliB applied? What 
are resolve^le nebulas ? What irresolvable 7 Is it likely that any 
nebnliB are actually irresolvable ? What evidence from Lord Rosse's 
observations ? Where is the newly discovered spiral nebula situated 7 
What resemblance to our Milky Way 7 What does this nebula re- 
semble? Is this, too, composed of individual stars? Describe Fig. 
L on the map. What said of single and double nebulee? What 
specimen given, and where found ? What specimen of hollow nebuUe, 
and where found 7 What are stellar nebula. 7 What specimens, and 
where found? What said of the sun and zodiacal light? What 
are planetary nebula 7 What said of their magnitude ? What 
illustrative specimen 7 What are annular uebuls 7 [See annulus, 
in the Appendix.] Where me^ the most conspicuous be fouud, aud 
how described 7 What does fig. R represent 7 Fig. S 7 What does 
Fig. T represent? What said of the number of nebula)? What 
is " star dust 7" Illustrate appearance by the map. What illustra- 
tion of the uses and powers of the telescope from this map ? What 
is the object of ibis experiment 7 What says Sir John Herschei of 
the uebulfB ? What said of the Milky Way 7 How illustrated by 
map? Why, then, appear so extended? How would it appear' to 
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im obterver m far off as the nebulo in the Lyre ? May, therefore 
be called what? What is Madler^s conclusion in respect to the 
structure of oar stellar firmament ? What estimate by Sir W. Her* 
schel relative to the number of the fixed stars? What said of theii 
probable mutual distances^ positions, and ofiices? What idea of the 
extent of the universe drawn from the dimensions of our own cluster, 
and the number of clusters in remote regions ? What closing refleo- 
tions are subjoined by your author? 
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HUNTINGTON AND SAVAGE, 

ntf raASz-STRiixiTp sniw tors, 

PUBLISn THE FOLLOWINO 

VALUABLE SCHOOL BOOKS. 

To which they renr retpectfuUf solicit the attention of County and Towa 
ftupenuiendents, Trustee*, School Committees, Teachers, and others inier* 
osted in the cause of education. 



. AN ELEMENTARY ASTRONOMY, 

For Academies and Schools. Illustrated by numerous original colored 
diagrams. Adapted to use with or without the author's Large Maps. 

Bt H. MATTISON. 

Fifth Edition, with Questions and a Glossary. 

This is one of the most comprehensive and splendidly illustrated works 
on Astronomy that has ever been published in the United States. Its plan is 
•mioently original and philosophical. It is confined to the facts of the ad- 
cnce, or the results that nave been reached during the lapse of ages, withool 
delineating its Mythologi(ial history, or tracing the processes by which thea* 
facts have been ascertained, either bv the use of instruments, or by mathe- 
matical calculatioMt. It embodies all the late discoveries, and is equally 
•dapted to private learners, the library, and the schoolroom, as it is oon^ 
plete in itself, independent of the large charts. As a book of reference it ii 
invaluable. To this may be added its perfect adaptation to use with the largo 
Maps, (of which the illustrations in the book are exact copies in miniature,) 
■o that the learner having the M^ps. has on a large scale the same dia^;nuns 
by which to illustrate the lesson at the recitation, that have been previously 
studied by the pupil in the text-book. To say nothing of the recommeiKia- 
tions that follow, the sale of ten thousand copies of this work, in a little oveir a 
year, is a sufficient proof of its popularity and intrinsic value. 

ASTRONOMICAL MAPS, 

Adapted to u^e with the " Elbm entabt Abtronomt,** and designed to illus- 
trate the Mechanism of the Heavens. For the use of Public Lecturen, 
Private Leai^ers, Academies, and Schools. 

By H. MATTISON. 

Tbis series consists of Sixteen Maps, or Celestial Charts, each 38 by 44 
inches, representing the various appearances of the Heavenly Bodies— tho 
Sun, Moon, Planets, Comets, and Fixed Stars— and illustrating the laws 
which govern them in their motions, the philosophy of Tides, Eclipses, and 
Transits, and indeed all the most interesting ana wonderful phenomena of 
the Mechanism of the Heavens. The sixteen Maps cover an area of nearly 
aoo square feet. They are printed upon a black ground, answering to tho 
natural appearance of the heavens in the night, and are beautifully colored 
and mounted upon slats and rollers. They are beyond comparison the most 
splendid and complete series of scientific charts ever published in this coun- 
try. They are not only invaluable for Seminaries, Academies, and the higher 
institutions of learning, but at the same time are admirably adapted to pop- 
ular use in Common Schools. One thousand sets of this work have already 
been sold and gone into use in different parts of the country ; and the unap 
nimity and cordiality with which they are commended by all who have used 
or examined them, i& truly gratifying to the publishers, (see following page.) 

Maps, per set, in case, with cloth backs, $30 00 

** " ** on strong paper, without cloth backs. 15 00 
Books per copy, 50 

OCT Each Set of Maps is nicely packed in a Wooden Case, and can bo 
tent to order with perfect safety to any part of the United States or Canada 
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The attention of Superintendents of Sehoola, Trueteetp 
Teachere, ie reepeetfully invited to the following 

RECOMMENDATIONS 

Of the •« E<iemeiitary Astronomy,** and ** Aatronomlcal 



Maps 



M 



Having examined, and Beyeral of na used, the Elembntart Aa- 
TRONOMT and Astronomical Maps, by H. Mattison, we are prepared 
to say, that in our opinion, they are better adapted to the purposes 
of elementary instruction in Astronomy, than any other work or ap- 
paratus now before the public. We would therefore cordially le- 
commend their introduction into all schools where this sublime science 
is taught 

EDWARD COOPER, Sec'y of Teachers' Association, state N. T. 

ALBERT D. WRIGHT, Principal Normal Inst., Brooklyn, N. Y. 

JA8. h. McELLIGOTT, Prin. Col. School, N. Y. city. 

JAS. R. BOYD, Prin. Jefferson co. Inst., Watertown, N. Y. 

R. K. SANFORD, Teacher Natural Science, Middlebury Academy, 

Wyoming, N. Y. 
N. BRITTAN, Principal of Union School, Lyons, N. Y. 
R. F. HICKS, County Sopt., Livingston co., N. Y. 
ALONZO BEEBE, County Supt., Ontario co., N. Y. 
HENRY 6ILLAM, former teacher of Math. Cayuga Academy, N. Y 
B. R. McALPINE, Supt. of Public Schools, Rochester, N. Y. 
ELLERY S. TREAT, Prin. Pub. School No. 1, Rochester, N. Y. 
WM. BARNES, " " ♦• 5, «* 

A F. HALL " ** " 7 ♦* 

REUBEN j6hN80N, " " •• »,* «* 

DANIEL HALLOCK, «• " " 11, " 

A. S. GREGORY, «* " ** 14, " 

H. O. WINSLOW, Prin. Union School, Mount Morris, N. Y. 
8. P. BARKER, Prin. Public School No. 10, Brockport, N. Y. 
G. L. FARNAM, Prin. Public School No. 3, Watertown, N. Y. 
G. R. JACKSON, Teacher, Oswego, N. Y. 
1. PATTERSON. Prin. Public School No. 4, N. Y. city. 
JULIA B. CLARKE, Teacher of Public School No. 1, Oswego, N. Y. 



From Paot. Mitchel, Director of the Cincinnati Obeervatory. 
In a note to the publishers, Pro£ M. says: 

** Your series of Maps are hung up in the public reception>room of 
Hie observatory. I am much pleased with your plan of speaking to 
the eye ; and am confident that these maps will soon find their way 
i»u> every well>conducted schooL" 
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THE 

GEOGRAPHY OF THE HEAVENS^ 

AND CLASS-BOOK OF ASTRONOMY. 

1 voL ISnio. 

Aceompuiied by a Celaitul Atia«, imperial 4to., neatiy colored. 

An admirable work to follow tbe ** ELiMBHTAar Ajtrohomt*' anv ** A»> 
TaoNOMinAL Maps." The two works together present a more thorou^ 
embodiment of the science than any others of the same compass, in the 
oountry. 

OOKTBHTS OP THg ATLAS. 

1. Plan ezhibitina the relative Magnitudes, Distances, and Position of tbe 

difiereni Boaies which compose the Solar System, 
t. The Visible Heavens in Janaary, February, and March. 
I. The Visible Heavens in October, November, and December. 

4. The Visible Heavens in July, August, and September. 

5. The Visible Heavens in April, Muy, and June. 

0. The Visible Heavens in the South Polar Regions, for each month in 
the year. 

7. The visible Heavens in the North Polar Regions, for each month in 

the year. 

8. Planisphere of the Whole Heavens, on Mercator's Projection. 

By E. a. BURRITT, A. M. 

With an Introduction by Thomas Dick, LL. D., Author of the ** Christum 
Philosopher," written expressly for this work. 

A variety of interesting facts and observations, embracing the latest im- 
provements in the science, were derived directly from the French and Eng- 
lish Observatories, exprestlf for this Class-Book^ and are not contained m 
any. other. It is now coming generally into use m our principal Seminaries, 
and is recommended to schools in general by members of the Board of Ex- 
amination of Yale College, as a work more needed, and which, it is be- 
lieved, will be more useful than any other introduced into our *' Institutions 
of Learning, for a number of years." 

This book, as its title imports, is designed to be to the starry heavens 
what geography is to the earth. Such a Class-Book has lon^ been needed. 
Hitherto, the science of the stars has been but very superficially stndied in 
our schools, for want of proper helps. They have conUnued to gaze upon 
the visible heavens without comprehending what they saw. They have 
can a vacant eye upon the splendid pages of that vast volume which the 
night unfolds, as children amuse themselves with a book which they are 
unable to read. They have caught, here and tliero, as it were, a capital 
letter, or a picture, but they have failed to distinguish those smaller charac- 
ters, on which tbe sense of the whole depends. Both teachers and pupils 
have found that Class- Books and Maps are as indispensable to this depart- 
ment of knowledge, as to that of Geography ; and that an artificial glooe is 
just as poor a substitute in one case as in the other. Instead of the globe, 
and a few balls strung upon wires, Mr. Burritt's book and Atlas introduces 
the pupil at once to the Grand Orrery of the Heavens, and makes him 
acquainted with the names and positions of the bodies which compose it 
He learns to locate and to ckutify his astronomical knowledge as he does hit 
geographical ; and experience has proved that a child of ten years will trac* 
out ail the constellations that are visible in the heavens, and name the 

Erincipal stars in each, as readily as he will learn the br>undarie8 of Um 
tatas from a map, and name the cities they contain. 
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A NATIONAL 6E0QRAPHY FOR SCHOOLS, 

Illustrated by S30 Engravings and 00 Stylographic Maps ; with a colored 

Globk Map, ok ▲ new plan. 

One Tol. quarto. < 

New and improved edition. 

Bt S. G. GOODRICH, Author of Peter Parley's Tales. 

This work is designed as a sehoot-booh^K manual for teaching; and nothing 
in the w ork is allowed to interfere with this design. At the same time, firom 
the arrangement adopted, it will be found to contain a great quantity of 
matter which will render it a convenient fitmily book for reference. Its 
utility, in this respect, will be enhanced by the index at the close of the 
volume. 

SimpHciiif, jMrfpciftty, and eonoenuHee have been carefully studied in the 
arrangement of the whole wor)(. Thus the typography, especially that 
which contains the leading ideas of each lesson, is clear and conspicuous ; 
the lettering of the maps is peculiarly full and distinct ; the whole view of 
each country is brought together, so as not to embarrass the reader by a 
reference to separate pages, or separate tables ; distinct maps of the prin 
cipal countries are given, and care has been taken not to fill them with un> 
important names, which may bewilder the student, and render all his ac- 
quisitions obscure and imperfect. Too many of the popular school-books 
on this subject are made to compass two objects ; to combine a universal 
geography and a school geography in one. Both objects are not, therefore, 
well attamed, for while there is not enough for the former, there is too 
much for the latter : the consequence is inconvenience and embarrassment 
to the teacher— increased study and labor to the pupil, while he is im- 
perfectly instructed, if not actually injured in his habits of study. The 
maps and text of this work contain quite as much^>f detail as the pupil can 
remember. The design has bqen to embrace just so much, that, if well 
studied, the pupil will carry in his mind clear imd distinct images of the 
forms of countries, courses of rivers, location of towns, cities, Ate., so that 
every country, with its leading features, can be and will be permanently 
mapped on his mind. 

In respect to maps a new and useful device has been adopted, which we 
entitle a Globe Map. This, of necessity is separate from the pages referring 
to it, but its great utility and convenience, in the way it is to be used, can- 
not tail to strike every practical teacher. It has a handle, and with a modei 
of the globe m ku hdnd^ the pupil is taught the various names given to the 
divisions of land and water, the shapes of oceans and continents, and the 
relative positions of countries and places upon the face of the earth. 
It is, in short, (^ substitute for an artificial globe, with the advantage of being 
easily bandied, and constantly before the eye, during .the early stages of 
the study. 

As a means of rendering the progress of the pupil at once agreeable and 
effective, the author has- endeavored to invest the subject with every de- 
gree of interest of which it ia capable. He has sought to keep the attention 
alive by vivid descriptions ; and, in order to convey accurate impressions of 
visible objects, he has introduced a larger number of illustrative engravings 
ttian have ever appeared in a similar treatise. Every one knows that mere 
words are incapable of conveying correct and distinct ideas of animals ; 
and that a simple cut of a lion, for instance, will be more useful in giving 
an impression of his form and aspect, than a whole volume of verbal de- 
scription. The same may be said or the countenances and costumes oi 
vanous nations ; of the peculiar modes of building, travelling, worshipping, 
Ice. The engravings, therefore, are not introduced as mere embellishmentf 
and allurements to the pupil, but as an efficient and essentutl source oi cor 
neot iafonBatifOA. 
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PETER PARLEY'S NEW QEOQRAPHY FOR 

BEGINNERS. 

IUuBCra,ted with 18 beautifully colored Maps, and 150 Engrarings, and neatly 

bound in stiff covers. 

It were needless to speak of the felicity of style, or of the simple, clear, 
and practical method in which Peter Parley presents to the young the sub- 
jects of which he writes. Notwithstanding other works of the kind have 
been issued, this little work, more full and accurate than any, continues to 
make its way in all places where improvements in primary education are 

going forward. It has been reprinted in England, and is extensively used 
Aroughout that country and Canada : it has been translated into French. 
and is much used in France ; it has been published in Greek, and introduced 
to 90,000 youth of that nation. It has also been translated by the misslonanee 
in Persia, and introduced into their schools, and has been more recently re- 
printed in Sidney, New South Wales. This foreign use is evidence of the 
▼alue and popularity of the work ; yet it is to be regretted that we have no 
copyright law to give authors and publishers the benefit of such use. 



FAMILIAR LECTURES ON BOTANY, 

PRACTICAL, ELEMENTARY, AND PHYSIOLOGICAL: 

With a New and Full Description of the Plants of the United States, 
Cultivated Exotica, &c. For the Use of Seminaries, Private 
Students, and Practical Botanists. 

Bt MRS. A. H. LINCOLN,-NOw MRS. PHELPS, 

PKlirCIPAL OP THE PATAP8GO PBMALB INSTITUTB OP MAETLAirO. 

New Edition, revised and enlarged. 1 voL imperial 13mo. 

In the present edition of this work, in compliance with the request of many 
teachers, the '* Descriptions of Genera and Species'* are now made to in- 
clude all those native and forei^ plants which the pupil will be likely to 
meet with in any part of the United States. The author has been anxious 
not to omit Southern and Western plants of any interest, and large additions 
under this head have been made. Should teachers, or students, observe 
such omissions, communications on the subject, made to the author, would 
be gratefully received. The author has now thoroughly revised the descrip- 
tions of plants. For the numerous additions made she is indebted to several 
American works, especially to the *' Botany of the Northern and Middle 
States,** by Dr. Beck ; and also to the descriptions of Torry, Bigelow, and 
Elliot. For foreign plants, Eaton*s and Wright's Manual, Withering's Brit- 
ish Plants, Loudon's Encyclopedias, and some other works, have been con- 
sulted. 

For clearness, simplicity, and philosophic precision, there are few school- 
books which hold a more pre-eminent rank than Mrs. Lincoln's Botany ; few 
certainly have a wider and more justly deserved popularity. The work ia 
divided into Foua Pabts — 

1st. The Analysis of Plants, or Lessons in Practice Botany. 

Sd. The Organs of Plants, beginning with the Root, and ascending to th« 
Flower ; or what is termed Elbmbntakt Botany, and Yegetabte Phy- 
siology. 

3d. The different Sy$tenu of Botany, and the most important Natural Fami' 
Set ; the most interesting genera and families found under each Class and 
Order. 

4th. The progressive appearance of Flowers in the Season of Blooming: 
the Phenomena produced by the different statei of Light, Atmoanhere, ~ 
Geographical DistributiQu. 
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History of Botanical Science, and tne Analogies and Contrasts between 
organized and unorganized matter in Nature. 

A distinguished and experienced teacher in natural science says of this 
work :— " Far from depreciating other >rorks on this subject, I think ray re- 
mark will not be invidious, when I say, that I think it far better adapted to 
the purposes of Elementary Instruction in the science than any I have seen. 
I am much delighted with the easy and natural method by which it Intro* 
duces the scholar to a knowledge of the first principles of the science, and 
the strict philosophical arrangement It employs in imparting instruction. 
The whole work has the impress of one practically acquainted witti the art 
of teaching, and adds another proof to the many already existing, that in- 
Btruclors of intelligence are generally better qualified to prepare elementary 
works than those who have never had any experience in the business at 
Itaching." » 



BT THK|ULMK AUTHOR, 

DESIGNED FOR PRIMARY AND COMMON SCHOOLS, 

BOTANY FOR BEGINNERS. 

AN INTRODUCTION TO MRS. LINCOLN'S BOTANT. 

Bt MRS. LINCOLN PHELPS. 
1 vol. 18mo. pp. 150. 

This book is intended chiefly for the use of primary schools and tfie 
vounger pupils in higher schools and seminaries. So much has, of late, 
been urged by those who take an interest in the subject of education, in 
favor Of introducing the Natural Sciences into Common Schools, that it is 
to be hoped that the time is not far distant when plants aiid minerals will be 
as familiar objects of study in our district school-house as the spellinff-book 
now is. Perhaps some parent or teacher may be ready to inquire, whether 
it ia re6ommenaed that such studies shall take the place of reading, spelling, 
or writing ; by no means ; but every teacher knows that there are many 
listless and racant moments when even the most active of his pupils .seeza 
tired of their monotonous pursuits ; habit and respect for their teacher may 
lead them to sit still and do no mischief ; but it is not difiScult to perceive, 
by the heavy eye and inanimate countenance, that the intellect slumbera. 
These are the moments when the experienced teacher feels the need of 
some new stimulant. Instead then of saying, " John, or Lucy, you have 
been sitting idle this half hour, why don't you mind your book V' he who 
understands the human mind is aware that tbis is the very way still more to 
disgust his pupil, and he will assuredly be ready with some new method of 
awakening attention. Suppose, then, instead of a rebuke for idleness, the 
teacher should kindly address his pupil as follows ! ** You have been so long 
engaged upon a certain set of studies, that I perceive they have become tire* 
some ; I think of introducing a new study into the school ; to-morrow IgkaU 
give a lecture on Botany ; you may therefore bring with you to-morrow all tne 
wild lilies, or violets, or any kind of common wild flower that you can find 
in the fields." The efiiect, any one at all accustomed to the care of cliildren 
will readily understand. But it may be said, ** there are many teachers who 
are not capable of giving a lecture upon botany." To this it may be an- 
swered, that every teacher who is in any degree fit to be such can use the 
** Botany for Beginners," even though they never heard a lecture upon the 
subject of botany ; it will teach him the leading principles, and he can ex* 
plain them to his pupils ; this will be lecturing upon Botany. 

Thousands are using this, little work, and give the strongest testimony m 
its favor. 

The successor of Miss Beecher in the Hartford Female Seminary says :- 
** It IS a clear, simple, and interesting exhibition of the principles of an en 
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tertainiDg science, adapted to the compreheiuion of children, for whon ' u 
designed, and fully capable of preparing them for a more extended trea ^!<e. 
It 18 pariiculariy recommended to the instructors of our common schooL, m 
an Inieresting employment for the leisure hours of their scholars ; ax ^^ 
mothers, as an assistant to them in th^ great work of storing their childxwtfn 
miuvis with the knowledge of the works of their Creator." 



PHELP8' NATURAL PHILOSOPHY, 

rOR THE UBB OF BCHOOLB, ACADCMIBS, AND PKIVATB BTUDUmL 

illustrated with numerous Engrayings from original designs. 

Bt MRS. LINCOLN PHELPS. 

New Edition. 1 toL ISmo. . 

PHELP8' PHILOSOPHY FOR BEGINNERS. 

1 Tol. 18mo. 

A. teacher of much experience, and Principal of one of our first Academiet 
says of these works !— 

" The subject is treated in a manner highly scientific : the engravings de- 
signed for illustrating the text are happily chosen and executed; and a de- 
gree of freshness pervades the whole work which cannot but impart life and 
animation to the student of its pages. But more than all, we rejoice to see 
A healthy moral feeling diffusing its fragrance over the whole.*' 

PHELPS' CHEMISTRY. 

New Edition. 1 vol. ISmo. 

PHELPS' CHEMISTRY FOR BEGINNERS. 

1 yol. 18mo. 

Professor Caswell, of Brown University, having examined some of the 
most important chapters of these works, says i-r" The principles of the 
science appear to be stated with brevity and clearness, and are hapi^y illus* 
tratec^ by familiar and well-selected examples." 



UNIVSBSITZ BDmON 

OP 

DR. WEBSTER'S DICTIONARY: 

Abridged from the quarto American Dictionary, with Walker's Key to the 
Pronunciation of Greek, Latin, and Scripture Proper Names, etc. With 
a Memoir and Bust of the Author. 1 voL royal duodecimo. 556 pages. 

WEBSTER'S HIGH-SCHOOL DICTIONARY. 

ISmo. 300 pages. 

The design of this volume is to furnish a vocabulaij of the more common 
Words, which constitute the body of our language, with numerous technical 
terms in the Sciences and Arts, and many words and phrases from other 
languages, which are often met with in Englisn books, with a brief defini- 
tion of each; to which is added an accented vocabulary of CLASSICAL, 
SCRIPTURE, and MODERN GEOGRAPHIC NAMES. The Ortho|rra- 
phy and Pronunciation .are made to correspond closely with those editions 
ot the work of the author recently revised under the editorship of Professor 
GoooBicH, of Yale College. 



ud^ 
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WEBSTER'S PRIMARY SCHOOL PRONODt 

With Accented Vocabularies of ClasBical, Scripti 

1>hical Proper Names. Square ]6ino. New \ 
arged, correspipnding in orthography to the lar 

This work embraces about ten thousand more woh 
Dictionary, and is especially recommended to the atl 

Also— POCKET EDITION, in several styles of bin( 

and gilt embossed. 

This last is a vocabulary of the most important words oVv \ . 

both common and scientific, with a concise, primitive defimv^ 
word, followed by the derivations of the same word,— thus presbb...,.^s>, ^ 
two features in one, of a defining Dictionarv, and one of the Synonyms. 

The following Testimonial is subscribed by a large number of the most 
distinguished men of our country : 

*' The subscribers highly appreciate Dr. Webster's purpose and attempt to 
improve the English language, bs rendering its orthography more simple, 
rec[Ular, and uniform, Hnd by removing difficulties arising from its anomalies. 
It is very desirable that one standard dictionary should be used by the nu' 
merous millions of people who are to inhabit the vast extent of territory be- 
longing to the United States ; as the use of such a standard may prevent the 
formation of dialects in states remote from each other, and impress upon 
the language vmformxtu and stability. It is desirable, also, that the acquisi- 
tion of the language should be rendered easy, not only to our own. citizens, 
but to foreigners who wish to gain access to the rich stores of science which 
it contains. We rejoice that the American Dictionary bids fair to become 
such a standard ; and we sincerely hope that the author's elementary books 
for primary schools and academies, will commend themselves to the general 
ose of our fellow-citizens." 




THE PRACTICAL FRENCH TEACHER. 

NORMAN PINNEY, A. M. 



% 



The leading peculiarity in this work is, that it exercises the student 
throughout in the constant practice of speaking. The preparation of every 
lesson is a preparation for speaking the language, and every lesson is an 
actual conversation in it. These conversations, too. are progressive and 
systematic ; commencing with the simplest elements of the language, and 
advancing by an easy process, to the more difficult. The whole has been 

Erepared with a view to overcome the difficulties which an American meets 
1 acquiring a knowledge of that so necessary part of a finished education. 



KEY TO PINNEY'S PRACTICAL FRENCH TEACHER. 



THE FIRST BOOK IN FRENOH ; or, A Practical Introduction to the 
Reading, Writing, and SpeaJcing of the French Language. By Normam 

PiNNBT, A. M. 

PKTTORIAL HISTORY OF THE U. STATES, by S. G. Goodrich. 
PICTORIAL HISTORY OF FRANCE, by S. G. Goodrich. 
PICTORIAL HISTORY OF ENGLAND, by S. G. GooDRica 
PICTORIAL HISTORY OF ROME, by S. G. Goodrich. 
PICTORIAL HISTORY OF GREECE, by S. G, Goodrich. 

The above series of histories, formerly published bv Messrs. Sorin k. Ball, 
of Philadelphia, is very extensively introduced into both private and public* 
institutions throughout the Union. 
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.^•«t-- MECHANIC'S COMPANION; 

iertaimog science, aaapt< ' 

designed, and fully capak; ^f Superflces and Solids ; tables of Square* and 
Ii IS particularly recomm^,be Roots ; Circumference and Areas of Urcica ; 
an mieresting employing powers ; of Steam and Steam Engines ; 
mothers, as an assistant states Weights and Measures, dbc. 
miuOs With the knowle^ ... 

;BY J. M. SCRIBNER, A. M. 

P U P I y^'*** ^® pa9M< Morocco, gilt, with tucks. 

r* ri Ci k ^ly recommended by several distinguished civil engmeert 

FOR THE Vf -nd, as a Manual for practical mechanics, is a work oi 

^resides the general topics already enumerated, it contams a 

iilu^of valuable matter, in relation to Centres of Gravity ; Gravita- 

> - Kiies ; Pendulums ; Specific Granty of Bodies : Stren^h, Weight, 

*" anij Crush of Materials : Water wheels , Hydrostatics ; Hydraulics ; Stauca \ 

Centres of Percussion and Gyration ; Friction ; Heat ; Tables of Weighu ul 

Metals ; Pipes, Scantlings ; InteresK^Jtc. <lc. ^ 

THE ENGINEER'S, CONTRACfOR'S, AND SURVEYOR'S 

POCKET TAPLE-BOOK. 

BY J. M. 8CRIBNER, A.M. 

904 pages, 94nio. Tuck binding, with gilt edge. 

The above work comprises Logarithms of Numbers, Logaritbmic Siifes^ 
and Tangents, Natural Smes and Natural Tangents ; the Traverse Table, uud 
a full and extensive set of tables, exhibiting at one view the number of (^u- 
Uc Yards contained in any embankment or cutting, and for any base or slope 
of sides usual in practice. Besides these essential tables, the work comprises 
5(1 pages more of Mensuration, Tables, Weights of Iron, Strength of Mate- 
rials, Formulas, Dii^^ms,.etc., for laying out Railroads, Canala, and 
Curves ; much of which has never before been offered to the public, and ail 
indispensable to the engineer. This book will prove a great saving of time. 
aiKl will enable the new beginner to furnish resultsA accurately (and whIi 
much greater rapidity) as the most experienced in flb profession, without lui 
aid. 'i'he tables of logarithms, etc., have been careiully corrected and oi^m- 
pared with difiierent editions oif the same tables ; and all the tables througJi- 
out the book have been read carefully by proofs four times ; hence the aaog. 
implicit confi^dence may be placed in their correctness. 



KAME'8 ELEMENTS OF CRITICISM. 

1 TOl. SVO. 

^fir The only edition which received the latest revision of the Auther. 
PRESTON'S BOPK*KEEPINQ, 

DOUBLE AND SINGLE ENTRY. 

PRESTON'S INTEREST TABLED; 

per cent.— Large and Abridged. 7 per cent— Large and Abridged. 



Any valuable Books to be had in If ewTork, will be farm 
nished by B.^ B„ at the Xiowest Oaah TticeSi 



